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PREFACE. 



In preparing a new edition of his "Introduction to 
Pathology and Morbid Anatomy," the Author has spared 
no pains in endeavouring to render it, within its scope, as 
complete as possible. Although so short a time has 
elapsed since the Erst appearance of the work, some of the 
chapters have been entirely re- written, and such additions 
and alterations have been made in the various subjects 
treated of as increased knowledge seemed to demand. 

The important subjects of Acute Tuberculosis and Pul- 
monary Phthisis, which were somewhat briefly alluded to 
in the former edition, have been treated at much greater 
length ; and a chapter has been added on Pyaemia and 
Septicaemia. It has also been deemed advisable to 
append a short chapter on the Preparation and Mounting 
of Specimens for Microscopical Examination, which it is 
hoped may increase the usefulness of the work. 

Owing to the liberality of his publisher, the Author 
has been enabled to increase very largely the number of 
woodcuts. As many as forty new ones \ia'^Q\i^«\i ^^^^^. 



Vlli • PREFACK 

These have all been drawn by the artist, Mr. Collings, 
from the Author's preparations. This addition the 
Author ventures to hope will add in no small degree to 
the practical utility of the work. 



74, WiMPOLE Street, Oavexdisr Squjire, 
ApHlj 1878. 
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INTEODUCTION. 



Pathology treats of the origin, nature, coarse, and 
causes of those changes in the body which constitute 
disease ; Morbid Anatomy, or Morbid Histology, of the 
actual alterations in the tissues which the disease has 
produced. The former is therefore comparable with Phy- 
siology, the latter with the Histology of the normal 
tissues. 

By disease is understood some deviation from the state 
of health ; a deviation consisting for the most part in an 
alteration in the functions, properties, or structure of some 
tissue or organ, owing to which its office in the economy 
is no longer performed in accordance with the normal 
standard. As health is itself merely a relative term and 
implies no definite performance of the processes of life, 
so disease is equally indefinite; it cannot be separated 
from health by any well-defined boundary, the one pass- 
ing by insensible gradations into the other. 

Disease is thus, in most cases, merely an abnormal per- 
formance of those processes which constitute life, and 
a knowledge of these processes must therefore necessarily 
precede the study of. pathology. Life comprises the 
formation and maintenance of the tissues and the exhi- 
bition of their various functions. Such formation and 
maintenance, which may be included under the general 
term of Nutrition, consist in the continuous supply of 
new material, the separation of this from the blood and 
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•2 INTRODUCTION. 

its appropriation by the tissues, together with the re* 
moval of the products of their waste. Function is the 
special manifestation of the life of the part, as distinct 
from its growth and the maintenance of its structure ; in 
the secreting cell, consisting in the alteration of the sub- 
stances abstracted from the blood to fulfil some special 
purpose in the economy; in nerve, in the transmission 
of impulses of motion and sensation, &c. The per- 
formance of function is obviously dependent upon the 
state of nutrition. When both of these are normal the 
condition is one of health, when abnormal one of disease. 

As in health the nutrition is principally dependent 
upon the tissues themselves, these abstracting, appro- 
priating, and altering the material which is supplied to 
them by the blood ; so in disease it is the tissues which 
play the most important part, and alterations in them 
are amongst the most frequent of the morbid processes. 

The supply and composition of the blood must at the 
same time constitute a most important cause of abnormal 
nutrition. In regarding the blood, however, as a caujse 
of disease, it must be borne in mind that this fluid is in a 
state of constant dependence upon other parts ; its com- 
ponent elements are derived from external sources and 
undergo continual change, and although possibly under 
certain circumstances it may become altered by virtue of 
changes in the nutritive activity of its corpuscular ele- 
ments, alterations in its constitution must in most cases 
result either from some change in the process of its for- 
mation, as from the ingestion of improper or insufficient 
food, mal-assimilation, or disease of the lymphatic struc- 
tures ; from changes in the secretory or excretory pro- 
cesses; or from the introduction of foreign substances, 
derived from extraneous sources. Whilst, therefore, 
alterations in the composition of the blood may be im- 
portant agents in the production of abnormal nutritive 
changes, they almost invariably depend upon some ante- 
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cedent condition, and can rarely be regarded as the pri- 
mary cause of disease. 

The blood may also play an important part in disease, 
owing to an abnormal activity of its white carposcles alid 
their migration through the walls of the blood-vessels 
into the surrounding tissues. This occurs in the process 
of inflammation, and probably also in the development of 
many of the new formations. 

Lastly, the influence of the nervous system must be 
taken into account in considering alterations in nutrition 
and function. This, by regulating the circulation and 
supply of blood, must to a certain extent control tissue- 
change. It is probable also that many nerves contain 
fibres which exercise a direct influence upon nuirition, 
independently of that which is due to their vaso-motor 
filaments. Eecent anatomical researches, which tend to 
show that nerve-fibres terminate in the ultimate elements 
of nearly aU tissues, and the rapid atrophy of muscles 
which often follows certain lesions of the nervous centres 
and many injuries of the nerve-trunks, render it exceed- 
ing probable that such is the case. 

HHheJlrst part of this work will be devoted exclusively to 
the consideration of morbid processes which are chai*ac- 
terized mainly by alterations in nutrition; the second, 
to those in which an altered nutrition is associated with 
certain changes in the blood-vessels and circulation, con- 
stituting " inflammation ;" and the tJiird, to changes in 
the blood and circulation alone. 
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CHAPTER I. 

the' " CELL." 

As the most important element in nutrition, both in 
health and disease, is the activity of the tissnes them- 
selves-*-the supply of nutritive material, although an 
essential, being merely a passive part of the process — it 
becomes necessary to consider, somewhat minutely, those 
parts of the tissues in which this activity resides. 

Ever since Schwann discovered the cellular nature of 
animals, and established the analogy between animal and 
vegetable cells, there has been a gradually increasing 
conviction amongst physiologists, which has now become 
an universally accepted physiological and pathological 
doctrine, that the cell is the seat of nutrition and function ; 
and further, that each indd/vid/ual cell is itseK an indepen- 
dent organism, endowed with all those properties, and ca- 
pable of exhibiting* all those active changes which are 
characteristic of life. Every organized part of the body 
is either itseK a cell or is derived from cells, and the cells 
themselves originate from pre-existing cells, and under no 
circumstances do they originate de novo. 

Whilst therefore the whole body is made up of cells, 
or of substances derived from cells, and the cell is itself 
the ultimate morphological element which is capable of 
exhibiting any manifestation of life, it must be borne in 
mind that in a complex organism, the phenomena of life 
are the result of the continued activity of innumerable 
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Fig. 1. 



ceUs, many of which possess distinct and pecnliar func- 
tions, and which bj their combination become endowed 
with new powers, and exhibit new forces; so that, 
although each individual unit possesses an independent 
activity, it is in a state of constant dependence upon 
others with which it is more or less intimately associated. 

Constitution op Cells. — ^When the analogy was esta- 
blished between the animal and vegetable cell, the former 
was held to be constructed in all cases 
upon the same principle aa the latter, 
and to consist of a ceU-wM, enclosing a 
cavity, in which were contained a rmcleus 
and flmd contenta% (Fig. 1.) This was 
the idea of the cell held by Schwann and 
Bemak, and supported especially by Yir- 
chow, who maintained that these three 
constituents were essential to its vitality 
and existence. 

During recent years, however, this de- 
finition has been modified. The existence 
of a cell-waU wee in many cases not evi- cells fi-om a can- 
dent. In the embryonic cells, in those of cer. Showing cell- 

many rapidly growing new torm^tions.-^^f-^S'^lt 
and in the corpuscles of blood, pus, and cleoli. The nuclei 
mucus, no limiting membrane could be^^*^^* 
demonstrated. This led to a new definition of the cell by 
Leydig and Max Schultze, who held that a little mass of 
matter enclosing a nucleus was all that was necessary for 
its conttitution. The latter of these physiologists not 
only rejected the cell-waU as an essential constituent, but 
established the identity of the mass of matter (cell-con- 
tents) with animal sarcode — a contractile substance exist- 
ing in the lower animals — and showed, that like it, it was 
endowed with the power of spontaneous movement : this 
substance he called protoplasm. He further pointed out, 
that the existence of a distinct cell- wall was tho le^wlt oi 
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a retrograde process taking place in the onter layers of 
tHe protoplasm, and that the latter was the real seat of 
the activity of the cell. These views closely correspond 
with those held by Dr. Beale in this country.* 

The definition of a cell has been still further modified 
by Briicke, Strieker, and others, who consider that the 
existence of a nucleus is not essential to its constitution. 
This opinion is principally based upon the fact, that in 
the cryptogamia, and in some of the lowest animal forms, 
cells occur in which no nucleus is visible. 

It would thus appear probable that a simple mass of 
protoplasm may, in some exceptional cases, be all that is 
necessary to constitute a cell — i.e., an elementary orga- 
nism, capable of exhibiting independently all the pheno- 
mena of life; but that the nucleus is an exceedingly 
constant and almost invariable constituent. The cell- 
wall is much less constant, and being the result of a 
retrograde change in the outer layers of the protoplasm, 
it must be regarded, in point of vitality, as inferior to the 
rest of the cell. 

Protoplasm itself is a homogeneous structureless mate- 
rial, although as it is met with in cells, it often contains 
adventitious matters — as granules of fat, pigment, <fec. — 
which are either the result of its metamorphosis, or have 
been taken up from without. lu consistence it is subject 
to constant variations, being sometimes perfectly fluid, 
at others more or less soHd and gelatinous. The cell- 
wall when it exists, is of much firmer consistence than 
the protoplasm. In some cells, the protoplasm* consti- 
tutes but a small proportion of the cell-contents, other 
substances peculiar to the cell being associated with it ; 
as for example, fat, in the cells of adipose tissue. (See 
alsp fatty infiltration of liver cells. Fig. 10.) 



* Dr. Beale calls the protoplasm, germinal matter or bioplasm 
the cell-wall, formed material. 
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The nnclens is mncli more constant both in size and 
form than the cell. It is usnallj spherical or oval in 
shape, and often contains one or more minnte round or 
angular bodies, termed nucleoli. It offers a greater re- 
sistance to chemical reagents than the other constituents 
of the cell, and in disease often remains after these have 
been destroyed. It is also stained more deeply by car- 
mine. Structurally, it appears often to be perfectly 
homogeneous, or faintly granular; in some cases it is 
invested by a limiting membrane, and is thus of a vesi- 
cular nature. Several nuclei may be contained within 
the same cell. 

Physiology op Cells. — The cell being, as already 
stated, the seat of all those nutritive and functional pro- 
cesses which are characteristic of life, the question arises, 
as to what part is played by its respective constituents, 
and whether the ceU-wall, the protoplasm (cell-contents), 
and the nucleus have different of&ces. 

The cell-wall being the result of a retrogressive change 
in the protoplasm, it cannot be regarded as taking any 
part in the life of the cell, the activity of which is dimi- 
nished by its existence, as is also its power of reproducing 
itself by division. It is in old cells that a cell- wall is 
most frequently met with, in those newly formed it is 
usually entirely wanting. 

The nucleus has always been looked upon as the seat 
of the nutrition, as distinct from the specific functions of 
cells, and has been supposed to play an important part 
in their multiplication and reproduction. The fact that 
when a cell divides, the division usually commences in 
the nucleus, and only subsequently takes place in the 
rest of the cell, would appear to favour this view ; as 
would also the great uniformity of the nucleus both in 
size and form, whatever be the functional nature of the 
cell. It must be borne in mind, however, that non- 
nucleated cells may multiply, and that nucleated cells 
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have been observed to divide, the nucleus itself taking no 
part in the process. 

Whatever be the part played by the nndens, there can 
be nfi doubt that the protoplasm is the most important 
factor of the cell, and it may itself be the only consti- 
tuent. The spontaneous movements, alterations in form, 
and migratory powers characteristic of young cells, are 
due to the protoplasm. Such movements are observed 
in the ceUs of the embryo, in lymphatic aiid yotmg epi- 
thelial cells, in some of thid cells of connective tissue, and 
in white blood-corpuBcles and pus-corpuscles. 

The protoplasm, as already stated, may be the sole 
seat of the nutritive and formative power of the cell ; it 
would appear, however, probable that it is especially 
concerned in the performance of function, and that the 
specific functional peculiarities of cells are dependent 
rather upon it than upon their other constituents. The 
volume and consistence of the protoplasm varies in diffe- 
rent cells, and in the same cell, at different times and 
under different circumstances. It is apparently capable 
of imbibing and giving up fluids, at the same time under- 
going corresponding alterations in volume. These con- 
siderations render it probable that it is the seat of the 
selective power of the cell, and of those other properties 
which represent its specific functions. 

Genesis op Cells. — ^The proposition of Virchow, that 
every cell originates directly from a pre-existing cell, 
forms the basis of the pathology of the present day. To 
Bemak, however, must be ascribed the merit of having 
first established the cellular origin of the tissues. 

The multiplication of cells may take place in three 
ways — by simple division, by gem/maiion, and by eTvdO" 
genous growth. In the first two methods the cell breaks 
up into fragments ; in the last, new cells originate within 
the parent cell. The process is obviously associated with 
growth and increase of the protoplasm. 
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Tlie mDltiplication by simple division is the most fre- 
qnent method. The cell divides and forms two cells, and 
each of these again divides and forms two more, and so 
on. In nucleated cells the nncleus as a role divides first. 
The nnclens, however, may divide and multiply within 
the cell without any division of the cell taking place. 
If the nuclei multiply within the cell and the protoplasm 
continuously increase without subsequent division of the 
cell taking place, large, many-nucleated, irregular-shaped 
masses of protoplasm are produced. These are the giant 
or myeloid cells, which are met with in the medulla of 
young bone, and in some new formations. (See " Myeloid 
Sarcoma," Fig. 29.) The existence of a dense cell-wall 
interferes with multiplication by simple division. 

In multiplication by gemmation, a small portion of the 
protoplasm projects from the cell, and becomes detached 
by constriction at its base, and thus forms a new cell. 
This is much less frequent than the former process. 

Bndogenous multiplication occurs principally in cells 
possessing a dense cell-wall, as in some varieties of epi- 
thelium. The protoplasm divides within its limiting 
membrane, and thus a number of new cells are formed 
within the parent cell, from which they are subsequently 
liberated either by the destruction of its wall, or by virtue 
of their own amoeboid acti'nty.* 



• The author wishes it to be distinctly understood, that in the 
subsequent pages the term " cell " is employed to designate the 
most elementary factor of the tissues which is capable of exhibiting 
all the phenomena characteristic of an independent organism, quite 
irreq)ectively of the existence of a cell-wall, or even of a nucleus. 



CHAPTER II. 

NUTRITION ARRESTED. 

The absolute and permanent arrest of nutrition consti- 
tntes local or systemic death. Under this head are in- 
cluded the three following processes : — 

1. General or Systemic Death, — In this, the arrest is 
general; the nutritive processes cease throughout the 
whole body. 

2. Gangrene or Necrosis. — ^The arrest is local, and con- 
fined to a particular part, which, when dead, retains to 
a greater or less extent its external form and anatomical 
characters. 

3. Molecular Death or Necrobiosis. -r-The arrest is also 
local, but usually results from a previous gradual impair- 
ment of the nutritive processes, which ultimately entirely 
cease in some of the histological elements. The dead 
part is a granular debris in which aU trace of the original 
structure is lost. This will be* considered under "Atrophy 
and Degeneration." 

GANGRENE OR NECROSIS. 

Gangrene or Necrosis is the complete and permanent 
arrest of nutrition in a part — occurring for the most part 
more or less suddenly^ which, when dead, retains to a 
greater or less extent its external form and anatomical 
structure. The series of processes by which this is 
brought about is called Mortification^ the dead tissue — a 
Sphacelus or Slough, In bone the process is called 
Necrosis, the result — a Sequestrum, 
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The arrest of nutrition is followed by the complete 
cessation of all the evidences of life both functional and 
physical; and the part thns removed from the influence of 
the " vital forces" undergoes those chemical and physical 
changes which are common to inanimate organic matter. 
In a limb, for example, there is paralysis of motion and 
sensation, coldness, dryness of the surface ; the natural 
firmness and elasticity are lost, and it becomes soft and 
doughy, the colonring matter escapes from the blood- 
corpuscles, and dissolved in the liqnor sanguinis per- 
meates and stains the tissnes. Evaporation from the 
surface is to a great extent hindered by the epidermis, 
consequently, if the limb contains mnch blood, the 
transuded serum and the watery constituents of the tissues 
often form large bullaB on the surface. As decomposition 
proceeds, gases are generated in the part ; — ^principally 
snlphuretted hydrogen, ammonia, nitrogen, and carbonic 
acid: these give rise to the emphysematous crackling 
which is so often associated with the gangrenons process. 
The tissnes at the same time undergo a process of soften- 
ing or liquefaction, the limb becomes exceedingly offen- 
sive, and changes from a reddish colour to a brownish or 
greenish-black. This is owing to changes in the transuded 
hssmoglobin. If the limb does not contain a large amount 
of blood, and evaporation is allowed to go on freely from 
the surface by the destruction of the epidermis and rup- 
ture of the bullaB, it may dry up— the process of decom- 
position gradually ceasing — and become converted into a 
bldck shrunken mass, which undergoes but little further 
change : — ^this constitutes Dry Gangrene or Mummifica- 
tion. If, on the other hand, as is more commonly the 
case, the gangrene is associated with venous obstruction, 
and thus the return of blood and absorption of fluids are 
prevented, the evaporation from the surface is rarely suffi- 
cient to dry the Hmb, and consequently, the process of 
decomposition proceeds until it is completely diaox^^tf- 
nized : — ^this is Moisi Gangrene, 
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The characters of the dead part vary with its strncture, 
its vascularity, the cause of the gangrene, the acnteness 
of the process, and the possibility of the access of atmo- 
spheric air. The more vascular the tissue, the softer its 
structure, and the more it is exposed to the atmosphere, 
the more rapidly and completely does it undergo decom- 
position. Bone, cartilage, and tendons, which are firm 
hard tissues, containing comparatively but few vessels, 
undergo very little alteration in structure and form; 
whereas softer parts are much more rapidly and com- 
pletely destroyed. 

The occurrence of decomposition manifests itself in the 
first place in the blood contained in the part : this fluid 
undergoes the earliest and most rapid change. The 
hasmoglobin escapes from the red corpuscles, partly by 
exudation, and partly by the destruction of the cor- 
puscles themselves, and dissolved in the liquor sanguinis 
permeates the surrounding tissues. The corpuscles are 
ultimately completely annihilated, nothing remaining but 
a few minute granules. 

The staining of the tissues with hsemoglobin, commonly 
known as post mortem atammg, is very characteristic. 
All the tissues are more or less affected, the lining mem- 
brane of the blood-vessels, which is in immediate contact 
with the blood, being naturally more so than other parts. 
The staining is of an uniform pinkish-red colour, thus 
differing from the punctiform and stratiform redness of 
hyperaemia, from which it must be carefully distin- 
guished. The amount of staining is in proportion to 
the rapidity with which decomposition has taken place, 
and to the amount of blood contained in the part at the 
time of death. It is usually most marked in the lining 
membrane of the heart and large blood-vessels. 

RiGOB. MoBTis. — In muscle the arrest of nutrition is 
accompanied by a state of rigidity, known as the B^fcyr 
Moiiis, This is a peculiar condition of the muscles ob- 
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seryed in almost all bodies after death, in which thej be- 
come firm and somewhat shortened, as thongh in a state of 
chronic contraction. It comes on as soon as the mnscles 
have lost their irritability, i,e. their capability of respond- 
ing to artificial stimnlation ; in other words, as soon as the 
nutritive processes have completely ceased. The time of 
its appearance will therefore depend upon the state of 
nutrition of the mnscles at the time of death ; the more 
healthy and vigorous this is, the longer it is before it 
completely ceases, and consequently the longer it is before 
the rigor mortis supervenes. The length of its duration 
and its intensity are in direct proportion to the lateness 
of its appearance. In people, for example, who are in 
perfect health, . and die suddenly, as from accident, the 
rigor mortis does not usually come on until from ten to 
twenty-four hours after death ; it is very marked, and often 
lasts two or three days. In those, on the other hand, who 
die from some exhausting disease, as from chronic 
phthisis or the adynamic fevers, in which the nutrition 
of the muscles becomes much impaired, the rigor mortis 
appears very soon, sometimes only ten minutes after 
death ; it is very slight and may pass off in less than an 
hour. It has been said that in cases of death from 
poisoning by carbonic acid and sulphuretted hydrogen, 
from lightning, and from some of the severer forms of 
the adynamic fevers, the rigor mortis is entirely absent. 
It is doubtful, however, if this is the case,. as the rigor 
mortis has probably escaped observation, owing to its 
early supervention and rapid disappearance. As soon as 
the rigor mortis has passed off, decomposition of the 
muscular tissue commences. 

The rigor mortis occurs not only as the result of syste- 
Biic and local death, but it may also be induced artifi- 
cially by temporarily arresting the nutrition of the muscle. 
If the supply of blood to a muscle be cut off by the appli- 
cation of a ligature to the artery supplying it, it quickly 
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passes into a condition which is indistinguishable from 
the rigor mortis. If the ligature be removed sufficiently 
early this disappears, and the vitality of the muscle is 
restored. 

With regard to the nature of the change — ^it was for- 
merly supposed to be a spontaneous contraction, the last 
act of vitality on the part of the muscle. More recently, 
however, Kiihne and others have shown that it is really 
owing to the presence of a firm albuminoid compound 
(Myosin), which is separated from the fluid of the muscle 
when its nutrition has ceased and coagulates in its sub- 
stance, thus causing the firmness, hardness, and opacity, 
which disappear as soon as its disintegration and decom- 
position commence. The transverse striation of the fibres 
then becomes indistinct and gives place to irregular rows 
of granules and fat molecules, the muscle softens, its sar- 
colemma is destroyed, and ultimately nothing remains but 
a soft structureless debris. 

A similar coagulation appears to take place in the cells 
of plain involuntary muscle, and here also a rigor mortis 
occurs. In the cells of other tissues — as the Malpighian 
layer of the skin, the connective tissues, and glandular 
organs — a coagulation of the protoplasm has been ob- 
served on the cessation of the nutritive processes; the 
cells become cloudy and granular, and then break up into 
molecules of various sizes. 

Eespecting the disintegration of other tissues: — ^The 
cells of adipose tissue rapidly diminish in size, owing to 
the escape of the fluid fat which difiuses itself throughout 
the surrounding structures. The fibres of connective 
tissue swell up, become opaque, and ultimately liquefy. 
In nerve-fibres, the white substance of Schwann coagu- 
lates and collects into small drops (myeline) within the 
neurilemma. Cartilage and bone resist the necrotizing 
process longer than any of the tissues and are the least 
altered by it. 
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The termination of the gangrenous process varies. It 
may, after involving a greater or less extent of tissue, 
become arrested, and a " line of demarcation" form be- 
tween the dead and living parts {Circumscribed Gcmgrene) ; 
or the process may continue to extend without any such 
attempt at recovery {Diffuse Gangrene). Wlien the pro- 
cess becomes arrested, the dead tissue — the sphacelus or 
slough — acts as a foreign body, and as such sets up 
inflammatory changes in the adjacent structures, and by 
this means it is ultimately removed or becomes encap- 
suled. The tissues immediately surrounding the necrosed 
part are thus in a state of inflammation, as is evidenced 
in external structures by their swelled condition, red 
colour, and high temperature. As the gangrenous pro- 
cess ceases, the necrosed fragment becomes limited by this* 
line of inflamed tissue, which constitutes the *^line of 
demarcatioTh" between the dead and living parts. Along 
this lino a process of ulceration and suppuration takes 
place, and by means of this the dead mass is gradually 
separated from the surrounding structures. The ultimate 
termination of the process depends principally upon the 
situation of the affected part : — if this be superficial the 
slough is thrown off, as in external parts, the intestines, 
the pharynx, &c., an idcerated surface being left. If the 
dead mass is deeply seated, its removal becomes possible 
only by the extension of the necrotizing process to the . 
surface, as is exemplified by the spontaneous removal of 
necrosed bone through fistulous openings in the soft 
parts, and by the opening of an abscess. In other cases 
the inflammatory process which takes place in the tissues 
surrounding the dead part is less intense, and the forma- 
tion of pus is less abundant and is soon followed by that 
of connective tissue, a layer of which is ultimately formed 
around the necrosed mass by which it becomes enca/psuled. 
This occurs especially in internal parts; examples of 
it are famished by foreign bodies, masses of tubercle, 
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liaBinorrliagic infarcts, accumulated epithelial prodnets, 
portions of necrosed bone, and a f cetns in the abdominal 
cavity, all of which may thus become surronnded by a 
layer of connective tissue. The part when thus encapsnled 
is usually rendered inert and no longer acts as an irritant 
to the tissues in which it lies; it undergoes a gradual 
process of absorption and drying up, and often becomes 
calcified. 

Causes. — The causes of gangrene may be divided into 
those which interfere with the supply of nutritive mate- 
rial, and those which directly destroy the vitality of the 
histological elements so that they are no longer able to 
perform their functions. 

A. The supply of nutritive material may be interfered 
Vith by : — 

1. Obstruction m the Arteries, — ^This is a common cause 
of gangrene. The obstruction may be caused by a liga- 
ture, by compression of the vessel, by solution of its 
continuity, by thrombosis or embolism, and by disease of 
the arterial coats. If the obstruction be complete and a 
collateral circulation cannot be established, death of the 
part quickly ensues. Obstruction to the arteries alone, 
the return of blood by the veins not being interfered 
with, usually produces the dry form of gangrene. 

2. Obstruction in the GvupillaHes, — Obstruction here is 
usually the result of pressure upon or stretching of the 
vessels. This may take place from the accumulation of 
inflammatory products, haemorrhage, or from the pressure 
exercised by new growths; the resulting obstruction to 
the capillary circulation causing the death of the imme- 
diately adjacent tissues. As examples of gangrene from 
this cause may be mentioned the necrosis of the super- 
ficial layers of the bone which so frequently results from 
periostitis, owing to the compression of the capillaries 
between the bone and the periosteum; also the sloughing 
of the mucous membranes in diphtheria. 
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3. Obstruction vn the Veins, — Obstruction to the return 
of blood by the veins must be so complete in order to 
arrest nutrition, that it is in itself rarely a cause of 
gangrene. It is when associated with obstruction in the 
arteries that it constitutes an important agent in pro- 
ducing this result. This combination of venous and 
arterial obstruction is seen in a strangulated hernia, in 
the invagination of a portion of the intestine, in the con- 
striction of a part by a tight bandage, and in contusions 
and lacerations of the soft parts in which both arteries 
and veins are injured or become strangulated by the 
tension of the tissues which subsequently ensues. In all 
cases in which gangrene is associated with venous ob- 
struction it is of the moist variety. 

4. Diminished Ga/rdiac Power. — This, like venous ob- 
struction, is seldom independently a cause of gangrene. In 
cases, however, of excessive general debility or disease of 
the cardiac substance, the consequent diminution in the 
contractile power of the heart materially aids the fore- 
going causes in producing a fatal blood-stasis. The arrest 
of the circulation in " senile gangrene," and that which 
so often occurs in the tissues of the back in adynamic fevers 
and in chronic exhausting diseases, is in part the result of 
diminished cardiac power. This arrest, in the last-named 
conditions, is usually determined by some injurious stimu- 
lation of the tissue — in other words, it is a part of an in- 
flammatory process. 

6. Infla/mmation. — The effect of the inflammatory pro- 
cess is to impede or arrest the circulation, and to impair the 
vitality of the affected part, and the intensity of the process 
maybe so great as to permanently arrest the circulation and 
cause gangrene. Gangrene from inflammation has been 
called infla/mmiatory, acute, or hot gangrene. It is always of 
the moist variety, and is characterized by the heat, swelling, 
tension, and redness of the affected part, which quickly 
becomes flaccid, cold, of a greenish-black colour, aM ev 
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hales an offensive odour. Certain inflammations have 
a special tendency to terminate in gangrene, as diphtheria, 
erysipelas, carbuncle, and "hospital gangrene/' In aU 
cases, the more impaired the nutrition of the part which 
becomes the seat of an inflammatory process, the more 
likely is this to cause its death. 

B. Destruction of the vitality of the histological ele- 
ments may be caused by : — 

1. Mechanical Agencies. — Under this head are included 
external violence, heat, cold, and corrosive substances, all 
of which, by directly and completely destroying vitality, 
may be causes of gangrene. In most cases, however, this 
result is preceded by more or less inflammation. 

2. Poisons introduced i/tito the Circulation, — Phosphorus 
and ergot of rye are the most important of these. The 
necrosis of the jaw which results from phosphorus appears, 
however, to be owing to the direct contact of the phos- 
phorus with the bone, and the gangrene of the extremities 
which sometimes follows the long continued ingestion 
of ergot, is probably due to that contraction of the small 
arteries which this substance produces. 

Senile Gajigeene. — This is a form of mortification 

which affects especially the lower extremities of old 

people, and is the result of several of those conditions 

which have already been enumerated as causes of 

angrene. 

The most important element in the production of senile 
gangrene consists in the occurrence of atheromatous or 
calcareous changes in the arteries of the limb, in conse- 
quence of which the circulation in it becomes impeded and 
its vitality impaired. This is evidenced by the coldness 
of the feet, the cramps, and the other abnormal sensations 
which are so often experienced by the patient some time 
before the gangrene sets in. This tendency to local stag- 
nation of the circulation is usually materially increased 
by the simultaneous atrophy or degeneration of the mus- 
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cular substance of the heart itself. The combined effect 
of the diminished vis a tergo and of the arterial degenera- 
tion may, in some cases, be alone sufficient to cause arrest 
of the circulation and the formation of thrombi in the 
vessels of the limb, and thus to cause gangrene. The 
supervention of the gangrene, however, is usually deter- 
mined by some injurious stimulation of the tissue, as a 
slight abrasion of the foot, a bruise, injury to a com, or 
excess of heat or cold, which sets up inflammation in the 
already weakened part, and thus by still further obstruct- 
ing the circulation in it, and impairing its vitality, causes 
its death. Senile gangrene is usually of the dry variety. 
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CHAPTER in. 

NUTRITION IMPAIRED. 

It has been seen in the preceding chapter that the abso- 
lute arrest of nutrition is followed by the complete cessa- 
tion of aU manifestations of vitality and function, consti- 
tuting local or systemic death. Those conditions must 
now be considered in which the interference with nutation, 
for the most part, falls short of absolute arrest, and in 
which, although vitality is impaired, death is only an occa- 
sional sequence. Such conditions are comprised under 
" Atrophy," and ** Degeneration." 

ATEOPHY. 

Atrophy is a diminution in the amount of a tissue, owing 
either to diminution in the size, or diminution in the 
number, of the histological elements of which it is com- 
posed. It is attended by loss of weight, and impairment 
of function. 

When the elements are diminished in size only, it is 
called Simple Atrophy ; when the number is diminished, 
it is called Nmnerical Atrophy. These two varieties are 
often associated, being different stages of the same pro- 
cess : sim/ple atrophy may, however, exist without nume' 
rical atrophy, but numierical never exists without simple. 

I. Simple Ateophy. — Simple diminution in the size of 
the elements of a tissue is by far the most common con- 
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diidon met with in atropLy. It is well exemplified bj what 
takes place in ordinary emaciation, in which the fat gra- 
dnallj disappears from the snbcntaneons adipose tissne. 
Adipose tUsne is merelj a connective tissue, the 'cells of 
which are distended with fat. When a person emaciatea, 
the fat is gradnalLj removed from the cells, so ihni, they 
diminish in size, and the fat which completely filled the 
cell may be reduced to a few isolated drops : the cell-wall 
and naclens at the same time often become distinctiy 
visible (Fig. 2). Here there ia no destniction of the cells, 
no diminntion in their number, but simply the removal of 
e of their contents. 




Jd^pott tuiut A. NomuJ. B Atrophic, from a, c&se of 
phthuts. a, a, Bingls fat-cell with c«U wall, uuclem, uid 
drop of fat. X SCO. (Vlrchow.) 

This diminntion in the size of the elements may take 
place in any tissne. The cells of all glandular organs 
may.tbas become atrophied, and so produce a diminution 
in the size of the whole oi^an ; this is ooostantly met 
with in the liver, Iddneys, mammary gland, spleen, 
testicles, lymphatic glands, and other parts. Musonl^ 
tissoe in the same way atrophies by the diminntion in the 
size of its primitive fasciculi : this is seen in the heart and 
in tlie voluntary muscles. In all these cases the elements 
remain ahnoet unchanged ; and hence all that u 'iu»ka> 
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sary for the restitation of the tissue is an increase in 
their nutritive activity, and the assimilation of more 
material. 

n. Numerical Atbofut. — This is an advanced stage 
of the former process : the elements are not only dimi* 
nished in size, bnt some of them have actoally perishec! 
and ceased to exist as vital agents. 

This destruction of histological elements whicli occurE 
both in atrophy and in degeneration—- and is called by 
Virchow, Necrobiosis — mnst be distinguished from the 
death of circumscribed portions of tissue whicli constitutes 
gangrene and necrosis. The two processes resemble one 
another in so far as death is common to both of them. 
In Necrobiosis, however, the change is a molecular one ; 
there is a gradual exhaustion of vital power, a moleculai 
disintegration and destruction of elements, so that at the 
termination of the process all that remains is a granulai 
debris, in which no trace of the former structure of the 
part can be discovered. The death and desquamation oi 
the superficial layers of the epidermis is a well-known 
example of this molecular change. Gangrene, on the 
other hand, affects circumscribed tracts of tissue, and i£ 
the result of some sudden arrest of nutrition, as distin- 
guished from the gradual exhaustion of vital power. 
Death is more suddenly induced, and a ' necrosed mass 
remains at the termination of the process in such a condi* 
tion that the structure of the part can usually be recog- 
nised. Numerical atrophy is thus of much graver import 
than that in which the elements continue to exist as such. 
In it, restitution is only possible by the production of new 
elements, whereas in simple atrophy, repair can be effected 
without new formation. 

Atrophy may be general — affecting to a greater or less 
extent all the organs and tissues of the body, or it may 
be partial and limited to particular parts. General 
atrophy is usually simple, and is rarely accompanied by 
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destruction of elements. It affects in the first place the 
subcutaneous adipose tissue, then the adipose tissue in 
other situations, as that surrounding the viscera and [in 
the omentum, then the muscles and glandular organs, and 
lastly the nervous and osseous structures. 

Although " atrophy " in its strict signification consists 
simply in a diminution in the size or number of the com* 
ponent elements of a tissue, it is rarely a perfectly simple 
process, but is usually associated with more or lesB fatty 
degeneration. This is owing to the fact that whenever 
the nutrition of a part is so much interfered with as to 
cause it to atrophy, it is very prone to undergo fatty 
chauges ; and it will be seen when speaking of ** fatty 
degeneration," that this process owes its origin to the 
same causes as atrophy itself. 

Causes. — In speaking of the causes of atrophy, it will 
be necessary to distinguish between those which act upon 
the tissues generally, and those which have merely a local 
infiuence. 

General Atrophy may be caused by : — 

1. Deficient swpply of Nutritive Material, — Whatever 
interferes with the supply of nutritive material to the 
tissues will be followed by their atrophy. Deficient 
supply of food ; obstruction to the passage of the food 
into the stomach or intestines, as in stricture of the 
oesophagus or pylorus ; the mal-assimilation which results 
from the various conditions giving rise to dyspepsia ; 
interference with the absorption of the chyle, from ob- 
struction of the thoracic duct, or disease of the mesen- 
teric glands constituting the so-called "tabes mesen- 
terica;" may all in this manner be causes of general 
atrophy. 

2. Excessi/ve Waste, — ^All those conditions which are 
attended by the loss of large quantities of nutritive 
material, may be causes of general atrophy. Such con- 
ditions are furnished by continuous hsBmorrhages, profuse 
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and long-oontmued sappnration sncli as occurs in caries 
and . empyema, diarrhGea, and the excretion of large 
quantities of albumen or sugar as in Bright's disease or 
diabetes. The waste resulting from the increased tissue** 
change which accompanies acute febrile diseases, must also 
be included under this head. 

' 4. Irrvpmred Nutritive Activity, — This constitutes an 
important element in the production of the atrophy of 
old age, — senile atrophy. As life advances, the vitality of 
the -elements gradually diminishes, their ability to separate 
nutritive material from the blood and to assimilate it for 
their own maintenance becomes less and less, and hence 
they gradually atrophy, and ultimately all manifestations 
of their vitality cease. 

Although general atrophy may thus be referred to one 
of the foregoing causes, it is rarely a simple process, but 
usually depends upon the combined influence of two or 
more of them. The atrophy associated with pulmonary 
phthisis, for example, results partly from the loss of 
nutritive material in the profuse expectoration and 
diarrhoea, partly from the deficient supply consequent 
upon the interference with assimilation by the structural 
changes in the stomach and intestines which accompany 
it, and partly from the increased tissue-change. In senile 
atrophy, again, in addition to the general diminution of 
nutritive activity, there is frequently some condition of 
the digestive organs interfering with assimilation, which 
materially aids in producing the ultimate result* The 
atrophy which accompanies the acute febrile diseases is 
by no means a simple process, increased tissue-change, 
loss of appetite, and interference with assimilation being 
all essential parts of it. 

Fa/rtial Atrophy may be caused by : — 

1. Imperfect supply of Blood. — The effect of interfering 
with the supply of blood to a part will depend upon the 
extent of the interference. If it be entirely cut off the part 
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will die (See " Gkuigrene"), if merely diminislied it will 
atrophy. 

Diminislied supply of arterial blood is a common cause 
of atrophy, and may be brought about in varions ways. 
The nutrient vessels may be obstructed by pressure exer- 
cised upon them within or without the organ to which 
they are distributed. In cirrhosis of the liver, the in- 
creased growth of inter-lobular tissue by its pressure 
upon the capillaries causes atrophy of the secreting struc- 
tures. In other cases the supply of blood is diminished 
by interference with the circulation at some distance 
from the part, as by the pressure of a tumour upon the 
artery leading to it. The atrophy of the proximal end of 
the shaft of a bone after fracture above the point of en- 
trance of its nutrient artery, is due to the same cause. 

The atrophy which results from pressure exercised 
directly upon the part itself, is probably also partly 
owing to the consequent interference with its nutritive 
supply. Atrophy of the sternum from the pressure of an 
aneurism, atrophy of the kidney from the pressure of 
retained secretion — as in stricture of the urethra, enlarged 
prostate, &c., and atrophy of the skull in chronic hydro- 
cephalus, are well-known examples of these atrophies 
from pressure. 

Mechanical congestion in the same way is not an un- 
common cause of atrophy. The circulation is impeded, 
the blood is not returned normally by the veins, hence 
there is deficient arterial supply, and atrophy results. 

2. Diminished Functional Activity, — This is the most 
common cause of atrophy^ many examples of which are 
furnished both by physiological and pathological pro- 
cesses. After birth those parts which are no longer re- 
quired to serve any purpose in the economy gradually 
atrophy and waste. The ductus arteriosus, the umbilical 
arteries and vein, the Wolffian bodies, and later — the 
thymus gland, all in this manner disappear. The invo* 
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lution of the ntems after delivery, the wasting of the 
spleen and lymphatic glands in advanced life, and of the 
lower jaw after the loss of the teeth, are other physio- 
logical examples of atrophy from this canse. 

Muscles which from any canse have long remained 
inactive, atrophy. This is seen in the various forms of 
paralysis, especially in the so-called ** essential paralysis" 
of children ; also in limbs which have become incapaci- 
tated either on acconnt of anchylosis, or of chronic dis- 
eases of the bones or joints. 

After the establishment of an artificial anns, the lower 
part of the intestine atrophies, and becomes converted 
into a fibro-cellular cord. 

Bones in the same manner atrophy from want of use. 
After the amputation of a limb, the cut end of the bone 
atrophies ; and atrophy of the orbit follows extirpation 
of the eyeball. 

Interference with the function of nerves is also followed 
by their atrophy : this is seen in the atrophy of the optic 
nerve, in some cases of blindness. 

3. Increased Functional Adwity. — This may occasion- 
ally be a cause of atrophy ; much more commonly, how- 
ever, it is a cause of hypertrophy. Some glands atrophy 
from excessive use, especially the testicle. The brain may 
also atrophy from over-work. 

4. Inflarivmation, — This is a common cause of atrophy. 
The vitality of the tissue sometimes becomes so much 
impaired by the inflammatory process, that it conse- 
quently atrophies, degenerates, or dies. This will be 
considered when treating of " Inflammation." 

6. The Action of Special Substances, — Certain sub- 
stances administered internally appear to be capable of 
producing atrophy. Iodine, bromine, mercury, lead, and 
the alkalies, may be enumerated amongst the most im- 
portant of these. Iodine and mercury exercise a special 
influence upon the lymphatic system, and bromine upon 
the organs of generation. 
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6. Nervous Influence, — ^Respecting the infltience of the 
nervous system as a direct cause of atrophy, little is cer- 
tainly known. That atrophy is a frequent sequence of 
changes in the nerve-trunks and nervous centres, there 
can be no doubt ; but it is probably in many cases to be 
attributed to an mcUrect influence. The atrophy of mus- 
cles, for example, which have become paralysed from 
lesions in the brain or spinal cord, is often rather the 
resxdt of the consequent interference with their function, 
than of any direct influence upon their nutrition. The 
rapid atrophy of muscles, however, which follows certain 
alterations in the nervous centres and injuries of the 
nerve-trunks, render it exceedingly probable that many 
nerves contain flbres which exercise a direct influence 
upon nutrition, and that nervous influence is not unfre- 
quently a direct cause of atrophy (See "Introduction"), 
In some cases alsQ, changes in the nervous system may 
cause atrophy by aflecting the size of the blood-vessels, 
and so interfering with the supply of blood. 

Physical Ohabactebs.— The estimation of atrophy is 
often a matter of considerable difficulty. The great crite- 
rion is, diminution in absolute weight. The weight of an 
organ, however, varies considerably in health ; it varies 
with the weight of the body as a whole, and it may be 
less than natural from incomplete development. The 
same is true also of the muscular and osseous systems. 
An accumulation of blood and serosity in an organ may 
again increase its weight, and thus constitute a source of 
fallacy. This is often the case in organs which have been 
for some time mechanically congested, in which, although 
their size and weight may be increased, their tissue is 
considerably diminished in amount. 

Organs which are atrophied are diminished not only in 
weight, but usually also in size. In most cases they con- 
tain less blood, they are dryer, firmer, and more fibrous 
in consistence than in health. Their functional powers 
are invariably diminished. 
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^He whole of the textures of which an organ is com' 
posed may suffer; some, however, do so more than others. 
The fibrous constituents, instead of diminishing, may 
rather increase in amount. This is especially the case 
in senile atrophy : hence the firmness, toughness, and 
loss of elasticity so commonly met with in the atro- 
phied parts. In glandular organs, the secreting ceUs 
are usually the first to show signs of atrophy; they 
become smaller, and are often finely granular, from the 
presence of molecular fat : the vessels and nerves also 
share in the wasting process. In the subcutaneous 
cellular tissue, the fat is gradually removed from the 
cells, which thus diminish in size. In muscles, the primi- 
tive fasciculi become smaller, and their transverse stria 
gradually disappear ; ultimately the whole of the contents 
of the sarcolemma may be entirely removed, and nothing 
remain but the connective tissue. Thi^ process is usually 
accompanied by more or less fatty degeneration of the 
muscular fibres, and in some cases by the development of 
fat between the fasciculi. (See " Fatty Infiltration of 
Muscle.") 

Atrophy of bone is always attended by a diminution in 
weight, but not always by a diminution in size. The 
compact and cancellous tissue may gradually become ab- 
sorbed, and the medullary canal diminish in size, the 
whole bone thus becoming smaller. This has been called 
concentric atrophy, and is met with especially in the long 
bones, in cases of long-standing anchylosis, dislocations^ 
or paralysis. In other cases there is no diminution in the 
size of the bone, but merely a gradual conversion of com- 
pact into cancellous tissue : this, in contradistinction to 
the former variety, has been called eccentric atrophy , and 
is usually met with as a senile change. 
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Degeneration. 

The " Degenerations" include a class of morbid pro- 
cesses which are characterized by an alteration in the 
quality of the tissues, and which, like atrophy, are at- 
tended by impairment of function, and often by annihila- 
tion of histological elements. 

The alteration in the qnality of the tissue results either 
from its direct metamorphosis into a new material, or 
from its infiltration with some substance which has been 
conveyed to it from without. 

Atrophy and degeneration thus so far resemble one an- 
other, that in both processes nutrition is impaired and 
fanction interfered with. In atrophy, however, nutri- 
tion is simply altered in quantity, the waste of the tissue 
is in excess of the assimilation of new material, and con- 
sequently, there is' a diminution in the amount of the 
tissue and an impairment of its functional powers. In 
degeneration, on the other hand, nutrition is altered 
in quality, a new substance exists in the tissues, which 
either originates in the tissue itself, or infiltrates it 
from without; this is attended by impairment of the. 
vitality and functions of the elements of which the tissue 
is composed, resulting either from the presence of the 
new material, or dependent upon the same conditions as 
those which give rise to its formation. 

Causes. — Of the causes of the Degenerations as a class, 
but little can be said, the various forms depending for the 
most part upon different conditions. These will be de- 
scribed under their respective heads. Fatty and calcareous 
degeneration have, however, many points in common, and 
they are both intimately connected with the atrophic 
changes ; atrophy, fatty, and calcareous degeneration are 
indeed frequently different stages of the same process, and 
the causes of these two forms of degeneration will thus be 
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seen to be very similar to those already enumerated as 
causes of atrophy. 

The Degenerations may be divided into two classes— 
the Metamiorphoses and the Infiltrations. 

1. The Metamobphoses.— These are characterized by 
the direct metamorphosis of the albuminoid constituents 
of the tissues into a new material. This is usually fol- 
lowed by the destruction of the histological elements and 
the softening of the intercellular substance, so that ulti- 
mately all trace of structure may be lost, and function be 
completely arrested. The Metamorphoses include Fatty, 
Mucoid, and Colloid Degeneration. 

2. The Inpiltbations. — ^These differ from the Metamor- 
phoses inasmuch as the new material which exists in the 
tissues is not derived from their albuminoid constituents, 
but is deposited in them from the blood : there is an infil- 
tration and deposition of a new substance. This is rarely 
followed by destruction of the histological elements, or 
by softening of the intercellular substance; hence the 
anatomical characters of the tissue are much less altered 
than in the Metamorphoses, and function is much less 
interfered with. The Infiltrations include Fatty, Amy- 
loid, Calcareous, and Pigmentary Infiltration. 



CHAPTER IV. 

THE METAMORPHOSES. 

PATTY DEGENEKATIOK. 

Tms is the most important of the degenerative processes, 
not only on account of its extreme frequency, but also from 
the deleterious effect it produces in those tissues which 
are affected by it. 

The process consists in the transformation of the albu- 
minoid constituents of the tissues into fat, the cells being 
the parts which are most frequently affected. This fat 
makes its appearance as minute granules and molecules 
within the cells, usually first in the protoplasm, and sub- 
sequently in the nucleus. The granules — ^which are cha- 
racterized by their dark colour, sharp contour, strong re- 
fractive power, and solubility in ether — gradually in- 
crease in number, until the whole of the protoplasm has 
undergone the transformation. As they increase some of 
them may coalesce, and so form distinct drops of fat : this, 
however, is not common, the fat usually remaining to the 
last in a granular form. As the process proceeds the 
cells undergo an increase in size and become more globular 
in shape. Ultimately the nucleus becomes involved, the 
cell-wall, when this exists, is destroyed, and the cell is 
thus transformed into a mass of granular fat (Fig. 3). 

These granules of fat may remain in a coherent form for 
some time after the cell-wall and nucleus are destroyed ; 
they then constitute the so-called " inflamDa.atoTy " at 
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" exudation corpuscles," or " corpuscles of Gluge," which 
are so common in chronic cerebral softening, and in other 

Fig. 3. 





FcAty degeneration of qntJieUum. a. Cells 
containiDg molecules of fat. b. Granular 
corpuscles ; in one nucleus is stUl visible, 
c. Disintegration of corpuscles. (Eind- 
fleisch.) 

forms of fatty degeneration (Fig. 3&). Ultiraately the 
corpuscles break up, the albuminous matter between the 
granules of fat liquefies, and the fat becomes distributed 
in the tissue (Fig. 3 c). 

Types of this pathological condition are famished by 
many well-known physiological ones, one of the most 
characteristic of which is perhaps the secretion of milk. 
The mammary gland is a large racemose gland, consisting 
of innumerable groups of lobules lined with epithelial cells. 
The secretion of milk takes place in the following man- 
ner : — ^The cells lining the lobules of the gland multiply 
abundantly, and the new cells as they are produced 
gradually become converted into fat ; the cell breaks up, 
and the fatty matters in a more or less coherent form con- 
stitute the milk-corpuscles. At the commencement of the 
process the granules of fat cohere and form colostrum- 
corpuscles ; but as the secretion becomes fully established, 
and the multiplication and disintegration of the cells 
takes place more rapidly, the fatty molecules become at 
once distributed in the liquid in which they are suspended, 
giving to the secretion , its characteristic white colour. 
The milk-corpuscles thus formed are replaced by the 
continuous formation of new- cells from below, which in 
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their torn undergo fatty degeneration, and in this man- 
ner a continuous formation and destruction of cells takes 
place. 

Other examples of fatty degeneration are afforded by 
the formation of the sebaceous matter of the skin, the 
cerumen of the ears, and the corpus luteum in the ovary; 
all of which take place in the same way by the fatty 
metamorphosis and destruction of newly formed cells. 

The immediate effect of fatty degeneration is to produce 
more or less softening of the affected part, the cellular 
elements are completely destroyed, the intercellular sub- 
stance also undergoes fatty changes, and thus all trace 
of the original structure may be ultimately lost. This 
destruction of the cells is the essential feature of the 
change, and distinguishes it from fatty infiltration, in 
which the cells within which the fat accumulates remain 
intact (see " Fatty Infiltration"). 

If large tracts of tissue are affected, the change is 
readily recognisable by the naked eye, by the diminution 
in consistence and elasticity which are produced, and in 
many cases also by the opaque yellowish- white colour. If, 
however, the change is limited to minute and isolated 
portions of the tissue, its existence can only be discovered 
with the aid of the microscope. 

The fatty particles into which the cells have been 
transformed, under favourable circumstances are readily 
absorbed. This is seen in the fatty degeneration and 
absorption of inflammatory products, as in croupous pneu- 
monia. In order for such absorption to take place, it is 
necessary that the tissue should be freely supplied with 
blood-vessels. If this is not the case, the degenerated 
products are liable to undergo certain changes whereby 
they become converted into a pultaceous crumbling 
material somewhat resembling cheese : — this is known as 
caseation. 

CASEATiON.—This is a modification of the degenerative 
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process in whicli the fatty products gradnallj dry up into 
a yellowish friable material, which has been compared to 
soft cheese. This change appears to be owing to a 
natural dryness of the degenerated tissue, resulting from 
deficient vascular supply. It is most frequent in parts 
which contain but few vessels, or in those in which these 
become obliterated by some new growth. Growths com- 
posed of closely-crowded cells — as tubercle, epithelial accu- 
mulations within the pulmonary lobules, growths in the 
lymphatic glands, in the brain, and in the osseous struc- 
tures, are the most liable to become caseous. 

The process consists in a gradual drying up of the 
degenerated elements ; the fluids are absorbed, the cells 
— ^which are many of them incompletely degenerated— 
shrivel and atrophy, the fat undergoes partial saponifica- 
tion, cholesterine forms, and the tissue thus becomes con- 
verted into a soft, yellowish-white, cheesy substance, com- 
posed of atrophied cells, fatty d^l^ris, and cholesterine 
crystals. This material may gradually dry up more and 
more, and ultimately become encapsuled by a layer of 
fibrous tissue. 

These cheesy matters are C/Onstantly met with, especially 
in the lungs, and considerable confusion has arisen as to 
their nature and origin in this situation. This has pro- 
ceeded from its having been formerly the custom to look 
upon all cheesy masses as essentially tubercular. Tu- 
bercle, it is true, often undergoes, to a greater or less 
extent, fatty degeneration; and it may thus, like all 
other structures which have undergone this process, be- 
come converted into a yellow cheesy substance; but it 
is by no means true that aU cheesy masses are tuber- 
cular. Thus the pathological significance of these cheesy 
masses is much less limited than was formerly supposed, 
and is indeed almost coextensive with that of fatty dege- 
neration itself. In whatever situation they are met with, 
they indicate merely that the histological elements have 
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undergone this fatty metamorphosis, and nnder no cir- 
cumstances are they in themselves evidence ^f any one 
particular form of morbid growth. 

The caseous mass may subsequently become calcified, 
or undergo a process of softening and liquefaction. 

Oalcipication. — ^This is an advanced stage of the pre- 
ceding process. It most frequently occurs in those cases 
in which the caseous mass is completely enclosed and 
isolated from the external air^ as when in the lymphatic 
glands, in bone, or when encapsuled in the lungs. The 
mass becomes infiltrated with calcareous particles, and is 
thus converted into a calcareous concretion (see* *' Calca- 
reous Degeneration"). 

Softening. — ^This process consists in a liquefaction of 
the caseoas substance, which is probably owing to some 
chemical change in its constituents. It commonly occurs 
in parts which come into contact with the external air, 
especially in those situated in the intestine, in the bron- 
chial mucous membrane, and in the pulmonary lobules. 
The caseous mass Hquefies, and is converted into a thin 
puriform fluid, containing curd-like cheesy matter, which 
to the naked eye looks much like pus, but under the micro- 
scope is seen to consist simply of granular debris, fat, and 
cholesterine crystals* This, if not discharged, may, like 
the caseous masses, ultimately dry up and become 
calcified. 

Causes. — ^All those conditions which tend to interfere 
with nutrition, and have been already enumerated as 
causes of atrophy, predispose to this fatty change. It 
may indeed be looked upon as an advanced stage of the 
atrophic process. 

Diminished supply of blood is a common cause of fatty 
degeneration. This is seen in chronic cerebral softening, 
which is intimately connected with the interference with 
the circulation consequent upon, disease of the cerebral 
blood-vessels. In the hearty again, this form of deg^^u^* 

J>2 
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ration is not an infrequent concomitant of disease of the 
coronary arteries. The circulation may also be interfered 
with by pressure from without, as by the growth of adipose 
tissue between the fasciculi of muscle, in which case the 
muscle undergoes fatty degeneration. The degeneration 
of the hepatic cells in cirrhosis of the liver is due to the 
same cause. Inflammation, again, is a most potent cause 
of this degeneration, as is exemplified by its effect upon 
nearly every organ and tissue. This result is owing partly 
to the disturbance of the circulation, and partly to the 
rapid production of new elements. The vitality of a part 
may become impaired by its rapid growth, the production 
of new tissue being out of proportion to the vascular 
supply. This explains the degeneration and softening so 
liable to occur in all rapidly growing new formations ; the 
softening of the central portions of cancerous and sarcoma- 
tous tumours, &c., being very familiar examples. Lastly, 
the impaired nutritive activity of the tissues, which results 
from old age, is a most common cause of their fatty dege- 
neration. All tissues may undergo, more or less, this 
senile change, but it is especially marked in those in which 
there is normally a somewhat imperfect arterial supply, as 
cartilage and the cornea (" arcus senilis"). 

It will thus be seen that fatty degeneration is a eom- 
mon termination of many morbid processes which tend to 
impair the vitality of the parts affected by them ; and that 
this impairment of vitality is the invariable antecedent of 
the fatty change, — the change itself merely indicating 
that, from some cause or other, the vitality has been 
diminished. The pathological significance of fatty dege- 
neration thus becomes in many cases a question of con- 
siderable difficulty, it being often impossible, from an 
examination of the degenerated parts alone, to decide 
Upon the nature of the antecedent condition. In many 
cases of fatty degeneration of the kidney, for example, in 
which the cells lining the tubuli uriniferi are destroyed 
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and the .tubes themselyes are filled with the fatty debris, 
it is often impossible to say, from an examination of the 
tubes alone, whether the fatty change is secondary or not 
to an inflammatory process. It is only when an investi- 
gation of the first stages of the process is practicable that 
the discovery of its real nature becomes possible. 

With regard to the source of the fat, it is, as already 
stated, derived directly from the tissue itself, and is not 
infiltrated from without. The exact nature of the change 
appears at present to be somewhat uncertain. It is most 
probable, however, that it is simply a liberation of the fat 
which is naturally combined with the albuminoid consti- 
tuents of the tissues, and is not a direct conversion of 
nitrogenous into fatty matter. Whether tliis be so or no, 
the formation of the fat is undoubtedly the result of im- 
paired nutrition, and as Dr. Quain has shown, it may take 
place in tissues after death, from the spontaneous decom- 
position of their nitrogenous constituents. 

PATTY DEGENERATION OF ARTERIES. 

Eatty degeneration of arteries may be a primary or 
secondary affection. As a secondary process it is met 
with in Atheroma, in which the fatty change is pre- 
ceded by an inflammatory cellular infiltration of the sub- 
endothelial connective tissue (see " Atheroma"). 

Primary fatty degeneration is a passive process, not 
being preceded by any increased nutritive activity of the 
parts affected by it. It may affect both the internal and 
middle coats of the artery, but it is most common in the 
former situation. The change usually commences in the 
endothelium and the connective tissue cells in the most 
internal layers of the inner coat, small groups of cells be- 
coming affected in various parts of the vessel ; and it may 
gradually extend from within outwards, the intercellular 
substance softening, until in exceptional cases, the whole 
thickness of the intima is destroyed. (Fig. 4.) 
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In the earlier etagei of the procees, the condiiaon is 
recogniBed by the enstence of small imgaiax Bbaped 
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A very thin layer peeled ofl and x 30D, show- 
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patches of an opaque yellowiah-Trhite colour, projecting 
very slightly above the surface of the iutuna. These, 
irhich are so constantly met with on the lining membrane 
of the aorta, may at first be mistaken for Atheroma ; theiy 
are in most cases, however, readily distinguishable hj 
their auperficiality, and by the facility with which they 
can be stripped ofi' from the snl^jacent layers, which 
present a natural Sippearauce. In Atheroma on the other 
hand — which affects the deeper stmctarea, — if the super- 
ficial layer be removed, the opacity and thickening are 
eeen to exist beneath it. In many cases the change is 
limited entirely to the endothelial lining of the vessel ; the 
more the subjacent tissnea are involved, the greater is the 
irregularity in the shape of the patches, and the less readily 
can they be separated with tbe forceps. The opaque 
patches ultimately break down, the cells are destroyed, 
the interceUulat sabstance soit«n8, and the granular d^ris 
in carried away by the circulation, leaving small, irregular, 
nipetficial erosions upon the lining membrane of th^ 
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vessel. These erosioiis are not ulcers in the tme sense of 
that term, not being the result of an active process. They 
resemble the superficial erosions so common npon the 
mucous membrane of the stomach, as described by Dr. 
Wilson Fox. 

Simple fatty degeneration may occur in any of the 
arteries, but it is in the smaller ones that its injurious 
influence is most marked. Here, by diminishing the 
elasticity and contractility of the vessels, it causes dege- 
nerative changes in the parts which they supply, and often 
leads to rupture. This is exemplified by many cases of 
chronic cerebral softening, cerebral hsBmorrhage, and fatty 
degeneration of the heart, all of which are frequently due 
to this disease of the natrient vessels. In the larger 
arteries, as the aorta — where it is exceedingly commons- 
it is of less importance, the inflammatory process, 
atheroma, having here a far more deleterious eflect. 

The capillaries may also be the seat of this fatty 
change ; the endothelial cells being destroyed in the pro- 
cess, and the walls so much damaged, that rupture is 
often the ultimate result. This is very common in the 
smallest cerebral blood-vessels, where it is a frequent 
cause of cerebral hssmorrhage. 

Passive fatty degeneration of arteries is in most cases a 
senile change ; it is an expression of that general impair- 
ment of vitality which exists in advanced life, and is 
usually associated with similar changes in other parts. 
When, however, it is limited to the largest arteries, it is 
often met with in early life and in persons who are other- 
wise perfectly healthy. 

PATTY DEGENBBATION OP THE BBAIN. 

Fatty degeneration of the brain is met with in all 
those morbid conditions comprised under the common 
term of " Cerebral Softenings." Whatever impairs the 
vitality of the cerebral substanC/C will tend to produce 
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fatty degeneration, and hence, softening. The portions 
of the brain which are the seat of this change may be 
merely rather softer than the surrounding healthy tissue 
— breaking down more readily under a stream of water 
which is allowed to fall upon them — or they may be corn* 
pletely diffluent. They are never distinctly circnm- 
scribed, but pass by insensible gradations into the neigh- 
bouring tissue. 

Under the microscope the change is seen to consist in 
a disintegration of the nerve-tissue. The white sub- 
stance of the fibres first coagulates, then breaks up into 
large masses, and these subsequently undergo fatty me- 
tamorphosis. The cells of the neuroglia and the small 
blood-vessels are also involved in the fatty change. The 
tissue is thus converted into broken-down fibres, a large 
amount of molecular fat, and numerous large granular 
corpuscles, the so-called " exudation corpuscles" or " com- 

Fig. 5. 
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Chronic White Softening of the Brain. Show- 
ing the granular corpuscles, broken-down nerve- 
fibres, and fat granules, of which the softened 
substance is composed. One or two nucleated 
cells (probably nerve-cells) are also visible. 
X 350. 

pound inflammatory globules of Gluge." (Fig. 5.) These 
corpuscles were formerly looked upon in all cases as the 
result of inflammation, hence their name; they are, how- 
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e^er, simply conglomerations of fat granules formed by the 
degeneration of the cellular elements. (See " Fatty Dege- 
neration," Fig. 3.) The cells from which they originate are, 
according to Virchow and Bobin, the cells of the neuroglia — 
the connective tissue of the brain : — these cells share in the 
fatty change, and in doiag so, appear to undergo consider- 
able enlargement before they are destroyed and the fatty 
matter breaks up. They vary in size from tw to titott inch 
in diameter, the average being -nnrc-. When the softening 
affects the grey matter the nerve-cells also contain mole- 
cular fat. The small arteries and capillaries running 
through the softened part are many of them filled with 
fat granules and granular cells : these latter probably 
originate in the white blood-corpuscles which have accu- 
mulated in the part and undergone fatty changes. Mole- 
cular fat and the large granular corpuscles will also be 
seen adhering to the external surface of the vessels ; and 
here care is required to distinguish these from fatty dege- 
neration of the vessels themselves, to which the cerebral 
softening is so frequently due. As the process proceeds 
the cerebral substance is completely destroyed and all 
traces of nerve-i(tructure is ultimately lost. 

The colour of the softened portion varies considerably. 
It may resemble that of the surrounding healthy tissue ; 
in other cases it is altered to a yellowish or deep red tint. 
According to these variations in colour, cerebral soften- 
ings have been classified into white, yellow, and red. The 
colour depends in great measure upon the amount of 
blood contained in the part, and on this account is im- 
portant, as indicating the manner in which the softening 
has been brought about. 

White Sofieni/ng. — This is, in the great majority of cases, 
a chronic condition, dependent upon disease of the capil- 
laries and small arteries, which interferes with the circu- 
lation, and thus impairs the vitality of the part. There 
is no hyperaemia, and the colour either resembles that q€ 
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liealtlij bram-tissue, or is an opaque dirty wliite. White 
softening is sometimes acnte, in which case it is nsnallj 
due to the sudden obstruction of the circulation by the 
impaction of an embolus in one of the larger arteries. (See 
" Embolism in the Brain"). 

Yellow Softening. — This is, in most cases, simply a 
variety of the former process, in which, from the fine 
state of division and close aggregation of the fatty 
particles, a dead yellowish- white colour is imparted to the 
softened tissue. This colour is probably often partly 
owing to the presence of altered blood pigments, the result 
of some previous slight extravasation. The pigment may 
sometimes be seen as fine dark granules, scattered through 
the cells of the neuroglia and the nerve-cells of the grey 
matter, where at first sight they look like fatty particles ; 
they are distinguished, however, by their dark black 
colour. Yellow softening may also result from embolism 
and haemorrhage. 

Bed Sofieni/ng, — This is commonly an acute affection, 
most frequently dependent upon vascular obstruction, 
either from embolism or thrombosis. There is intense 
collateral hypersemia, rupture of capillaries, and extrava- 
sation of blood ; the softened tissue is consequently of a 
deep red colour : — ^this will be described in the chapter on 
** Embolism." Bed softening is also sometimes associated 
with the chronic white variety, some of the diseased 
vessels giving way, and thus extravasation of blood taking 
place into the already softened tissue. Lastly, red sof- 
tening may be inflammatory (see " Inflammation of the 
Brain"). 

FATTr DEGENERATION OF MUSCLE. 

Both striated and non-striated muscle may be the seat 
of fatty degeneration. In the latter, the muscular cells 
which constitute the involuntary muscular fibres, are the 
seat of the change ; they become filled with fat granules 
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and are ultimately destroyed. This condition is frequently 
met witli in the middle coat of arteries which are under- 
going fatty degeneration. 

In striated muscle — ^both in the voluntary and in the 
involuntary of the heart — ^the fibres themselves are the 
seat of the morbid process, which consists in the conver- 
sion of the albuminoid matter of which the fibre is com- 
posed into fat. The earliest stage of the afiPection is 
characterized by an indistinctness in the transverse mark- 
ings of the fibres, which in many parts become stndded 
with minute particles of fat. (Fig. 6.) These gradually 
increase in number and size, and are 
usually distributed somewhat irregu- ^^^' ^« 

larly within the sarcolemma. In some 
parts single rows of granules are fonnd 
running along the length of the fibre; 
in others, they are grouped around 
the nuclei or arranged in transverse 
lines corresponding with the strije of 

the muscle. The fibres become ex- Fatty Degeneration 
. 1 iv» 1 1 J j»i 1 1 ^ Muscular Fibres 

tremely finable, and are readily broken qf Heart, a. Earlier 

up into short fragments. As the stage, b. more ad- 

^ J XT. X 1 vanced. x 400. 

process proceeds the transverse mark- 
ings entirely disappear, and nothing but molecular 
fat and oil globules are seen within the sarcolemma. The 
sarcolemma itself may ultimately be destroyed, and 
nothing remain of the original fibre but the fatty debris 
into which its albuminoid constituents have been con* 
verted. This is true fatty degeneration of muscle ; in it 
the muscular elements are destroyed, and it thus differs 
essentially from fatty infiltration, in which there is simply 
a development of fat between the fasciculi, the fasciculi 
themselves not being primarily affected (see " Fatty Infil- 
tration of Muscle'*). 




44 NUTRITION IMPAIRED. 



PATTY DEGENERATION OF THE HEART. 

It is in the heart that fatty degeneration of muscle 
is most frequently met with, and here it assumes a most 
important aspect from the deleterious influence which it 
exercises upon the motor power of the organ. The mus- 
cular substance may be aflfected throughout, or, as is 
more frequently the case, the degeneration may be con- 
fined to certain portions of it. It is more common in 
some situations than in others. The order of frequency 
with which it occurs in different parts is, according to 
Dr. Quain, firstly, the left ventricle ; secondly, the right 
ventricle; thirdly, the right auricle; and fourthly, the 
left auricle. 

The wider the extent of tissue that is afiected, the less 
advanced, as a rule, is the degree of the degeneration. 
It is in those cases in which small tracts of tissue 
are involved, that the process is met with in its most 
advanced stage. 

The consistence of the degenerated part is always 
diminished, and its colour altered. When the change is 
slight, and more or less general, the muscle is somewhat 
softer and more flabby than natural ; it is more friable, 
and often breaks with a soft granular fracture. The 
colour is uniformly rather paler, and more opaque than 
that of healthy cardiac tissue. Under the microscope the 
muscular fibres are seen to have lost their striated ap- 
pearance, and to contain minute granules of fat (Fig. 6 a) ; 
there are, however, no large molecules or oil globules, and 
the sarcolemma is not destroyed. This difluse form of 
degeneration sometimes occurs in the course of acute 
febrile diseases, and it may also be a part of general 
marasmus. 

More frequent than this difluse and slight degree of 

degeneration affecting the whole or the greater part of 

the organ, is a condition in which, although perhaps the 

change may he more or less general, it is much more 
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advanced in some parts than in others. In snch cases the 
heart presents a mottled appearance ; nnmerons opaqne, 
pale yellowish or brownish patches are seen irregularly 
distributed throughout its substance. These patches vary 
considerably in size and form ; they are met with espe- 
cially in the papillary muscles, the columnsB camesB, and 
in the layers of fibres immediately beneath the endocar- 
dium : they may also occur beneath the pericardium, and 
in the deeper portions of the organ. They correspond 
with the most degenerated portions of the tissue. They 
are soft and flabby, and have a rotten consistence, tearing 
readily under the finger. Under the microscope, the 
fibres are seen to be in an advanced stage of fatty 
degeneration ; their sarcolemma contains large molecules 
of fat and oil globules, which in many parts have escaped 
and lie free amongst the surrounding less degenerated 
tissue. (Fig. 6 &.) These smaller tracts of degenerated 
tissue in which the change is more advanced, often result 
from localized obstructions to the circulation consequent 
upon disease of the coronary arteries. They are also met 
with close beneath the endocardium in some cases of ex- 
tensive dilatation and hypertrophy. 
Lastly, the peripheral layers of mus- 
cular tissue frequently "undergo exten- 
sive fatty degeneration as the result of 
pericarditis. 

BEOWN ATROPHY OP THE HEART. 

Closely allied to, and frequently as- 
sociated with fatty degeneration of the 
heart, is the condition known as Brown Atrophy qf 
brown atrophy. This consists in a t^^eart. Showing 

gradual atrophy of the muscular ment and the atro- 

fibres, together with the formation of P^y ^^ ^^^ fibres. 

1 Jf•L^^ ^ ' t. 1 • 1 ' n The latter have in 

gi-anulesot blackish or browmsh-yellow gome parts under- 

pigment. These granules of pigment gone slight fatty 
.,"1 J • 1 X 1 metamorohoaia. 

are either >froupea m dusters around ^ ^qq. 
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tlie nnclei, or more generally distribnted within the fibre. 
The fibres are frequently, at the same time, the seat of 
more or less fatty degeneration. (Fig. 7.) 

Brown atrophy of the heart nsnaUy occurs as a senile 
change, or as a part of general marasmus from other 
causes. It is also met with in some cases of cardiac 
hypertrophy. It is more chronic in its course than simple 
fatty degeneration, and its recognition is in most cases 
impossible without the aid of the microscope. 



CHAPTER V. 

MUCOID AND COLLOID DEGENERATION. 

Undeb, tins head is included a class of morbid changes 
which are characterized by a peculiar softening of the 
tissues. Colloid and mucoid degeneration have frequently 
been described under the common term of " colloid soften- 
ings," but — although they are very closely allied and fre- 
quently associated — they appear to constitute two distinct 
processes; the former affecting especially the cells, the 
latter the intercellular substance. 

Mucoid Degeneeation. — ^This consists in a liquefaction 
of the tissues and an alteration in their chemical composi- 
tion, owing to which they yield miucinf and become con- 
verted into a material of a soft, mucilaginous, jelly-like 
consistence. This is the condition of nearly all tissues in 
their immature or foetal state : the connective tissues in 
the foetus consist almost entirely of this soft mucin- 
yielding substance. Some tissues retain these characters 
after birth. The umbilical cord, and the vitreous humour 
of the eye, are both composed of this substance. 

The change affects especially the intercellular substance, 
much less frequently the cellular elements. The inter- 
cellular substance of the connective tissues in their fully 
developed state consists of gelatin and chondrin, and the 
mucoid change is thus a reversion of this substance to its 
foetal condition. As to the manner in which this takes 
place, nothing is known. It does not appear to be 
associated with any known general state, or with any 



i 
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previous change in the tissues in which it occurs. It 
probably depends upon some alteration in the vital per- 
formances of the cells, upon which the intercellular sub- 
stance depends for its existence. 

Mucin is closely allied to albumen, more so than to 
either gelatin or chondrin : it differs from it in not con- 
taining sulphur. Like albumen, it is only met with in 
alkaline fluids — ^being held in solution by the free alkali — 
from which it is precipitated by dilute acetic acid. It 
differs from albumen in being soluble in an excess of the 
acid, and also in not being precipitated by boiling, by 
tannin, or by bichloride of mercury : its behaviour with 
these two reagents will also distinguish it from gelatin 
and chondrin, which are both precijjitated by them. 

The mucoid change is by no means a common one. It 
is most frequently met with in cartilage, especially in the 
inter-vertebral and costal cartilages of old people; also 
in serous membranes, in the connective tissue of the 
choroid plexus and lateral ventricles, in bone, and iu many 
of the new formations. Wherever it occurs it produces 
softening of the affected parts; which are transformed 
into a homogeneous, colourless material, of a soft muci- 
laginous jelly-like consistence. If the change is limited 
to isolated portions of the tissue, the softened parts 
surrounded by those which are unaltered, present the 
appearance of cysts. These cyst-like formations con- 
taining mucoid substance are not imcommonly met with 
in the costal cartilages, the choroid plexus, and in new 
growths. 

The cells themselves appear in the majority of cases not 
to undergo the mucoid change. They are frequently, 
however, the seat of fatty metamorphosis ; and they may 
also proliferate, as in mucoid new formations. 

Colloid Degeneiultign. — This differs from the former, 
inasmnch. as it is the cells which are especially involved in 
the process. 
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The change consists in the metamorphosis of the albn- 
minoid constituents of the cells into a substance known as 
coUoid material. Colloid closely resem- 
bles mucous substance, but it diflfers Fio. 8. 
from it chemically, in containing sul- 
phur, and in not being precipitated 
by acetic acid. It is a colourless, 
transparent, gHstening material of the 
consistence of jelly or half-set glue. It 
makes its appearance within the cells, 
as smaU lumps, which gradually in- 
crease in size, pushing the nucleus to 
one side, until they completely fill the 

cell (Fig. 8). The cells are thus de- 
stroyed, and converted into colloid CoUoid Cells, from 

«• & colloid cftQCfir 

masses. The small colloid masses sub- (lUndfleisch.) 

sequently swell up, coalesce, and so 
form larger masses of firm, transparent, yellowish, jelly- 
like material, which are readily recognised by the naked 
eye. 

As the colloid matter increases and the cells are de- 
stroyed, the intercellular substance atrophies or softens, 
and in this way cyst-like cavities are formed within which 
is contained the gelatinous substance. Here it may sub- 
sequently undergo a process of liquefaction (Fig. 9). 

The colloid change is most common in enlargements of 
the thyroid gland, in the lymphatic glands, and especially 
in many of their new formations. (See " Colloid Cancer.") . 
Its causes and nature are as obscure as those of the allied 
mucoid softening. 

It is when occurring in new formations that these two 
forms of degeneration assume their most important 
aspects. Many varieties of tumours may originate as 
mucoid or colloid growths, or may subsequently undergo 
these morbid transformations. Tlie mucowa Wxtioxa^^ 
(mjrxomataj) which resemble in stractur© \j\ie urcW^^'^i^. 

^ . . , ^ \ : '^ . ' ■ ' ^ '^ . ^- ^ - . .' - 
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cord, oonsiat entirely of a gelatinous mnOQS yielding sub 
stance The sarcomata, lipomata, en hondromata aud 
the cancers may also become the seats of these f rms of 
soften Dg 




. Sttch growths have frequently been described as geta- 
tiniform or coUoid cancers, this term hairing been applied 
to them without iinj regard to their structure or real 
nature. Cancers, it is true, may either orit,'io8te as mucoid 
or colloid growths, or may become so after their develop- 
ment ia completed (aee " Colloid Cancer"); but it is by no 
means true that all tumours possessing these soft gelati- 
iriEorm characters are cancers. The terms " mucoid " or 
"coUoid" applied to a new growth, merely imply certain 
physical and chemical characters, and convey no informa- 
tion as to its real nature. 



CHAPTER VI. 



THE INFILTRATIONS. 



PATTr INFILTEATION. 



Fig. 10. 



Fattt Infiltbation — which is often described as " fatty 
degeneration" — consists in the infiltration of the tissues 
with fat, which is deposited in them from the blood. The 
fat is deposited within the cells, where it occurs as distinct 
drops ; these may gradually accumulate and run together, 
displacing and obscuring the nu- 
cleus and protoplasm, until the cell 
is completely filled and distended 
with oil. (Fig. 10.) The vitaHty 
and functions of the cells are* but 
little impaired by the accumulation, 
and the protoplasm — although ren- 
dered almost invisible when this is 
excessive — remains unaltered. This 
process therefore difiers essentially 
from fatty degeneration, in which 
the fat is derived from a metamor- 
phosis of the protoplasm itself, oc- 
curs in a granular form, and in which the cells themselves 
ultimately perish. (See Fig. 3). In fatty infiltration, the 
cells within which the fat accumulates not being d^^^ito^^^, 
the removal of the fat 18 aU that is necessary \» xe^XiOt^ 
^^6222 to their original condition. 

je2 




Liver Cells in various 
stages of Fatty InfiltrO' 
tion, X 300(Rindfleisch). 
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Fa,tty infiltration occurs as a phjaiological process in 
the grontli of adipose tissue. Adipose tissue boon a 
close resemblance to common connective tissne ; it ie con- 
nective tissue, contajnin^ numerous cells which are dis- 
tended with fat. The growth of adipose tiasoe thus con- 
sists simplj in the infiltration of more of these eella with 
fat. If this be excessive it constitutes obesity. (Fig. 11.) 

Pre. 11. 




Fitfl// Infiltration of Coiirnectivt Tigtw^ Showing 
the HCi:uiauIstion of Sat withiii the cells, x 3UD. 
(Bbdaeisch.) 

The temporary accumulation of fat in the intestinal villi 
and liver during the digestion of an aliment rich in fatly 
substances, is another example of physiological infiltra- 
tion. This will be described when speaking of the "fatty 

As a pathological process, fatty infiltration occurs either 
when the blood contains an abnormal quantity of fat, or 
when, owing to some change in a particular tisane, the fat 
normally contained in the blood tends to become deposited 
in it. The latter is seen in the fatty infiltration at para- 
lysed muscles. (See "Fatty Infiltration of Muscle.") An 
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absolute increase in tlie amonnt of fat in the blood is in 
many cases tbe result of excessive supply of nutriment, 
or to this combined with diminished waste. Such condi- 
tions obtain in people who live freely and take but little 
exercise. There appears to be in some a special predispo- 
sition to become fat. In other cases, the excess of fat in 
the blood is owing to its absorption from some particular 
tissue, subsequently to which it becomes deposited in an- 
other : — ^this is seen in the fatty infiltration of the liver, 
which is associated with the general emaciation of pul- 
monary phthisis and other similar conditions. (See 
" Fatty Infiltration of the Liver.") Why the deposition 
should take place in certain tissues, and the fat be re- 
moved from some and deposited in others, is not known. 

PATTY INFILTRATION OP MUSCLE. 

In muscle, fatty infiltration is frequently met with as a 
morbid process. The cells in the connective tissue which 
surrounds the fasciculi of the muscle become filled with 
fat ; and this development of fat between the primitive 
muscular fasciculi has often been included under the 
common term of "fatty degeneration" of muscle. The 
process, however, differs essentially from true degenera- 
tion, in which the fat originates withi/n the fasciculi and 
the fasciculus itself ultimately perishes ; whereas in the 
condition now under consideration, there is a deposition 
of fat between the fasciculi, which remain — during the 
early stages at all events — unaffected* The interstitial 
fat varies in amount. In some cases single rows of fat 
cells alternate with rows of muscular fasciculi, at other 
times the accumulation is less regular, more existing be- 
tween some fibres than between others ; in all cases, how- 
ever, the muscular elements may be discovered lying 
amongst the fat. (Fig. 12.) If the latter is very con- 
siderable in amount, the muscle may appear to the naked 
eye to be entirely converted into fat ; but the microscope 
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fat. In hearts less affected, stnas of fat will be seen 
lying amongst the muscle. The fat is always most 
abundant near the surface, the muscular structure be- 
coming more evident towards the endocardium. 

The immediate effect of the interstitial growth is to dis- 
place and compress the muscular fibres between which it 
insinuates itself, and in doing so it diminishes the con- 
tractile power of the muscle : this is especially the case 
when occurring in the heart. The pressure, however, 
which it exercises upon the fibres and the accompanying 
blood-vessels, ultimately causes in the former atrophic 
and d^enerative changes. Thus the fasciculi gradually 
atrophy, the transverse striation becomes indistinct ana 
is replaced by molecular fat ; in fine, true degeneration 
of the muscle is established. These two processes, in- 
deed, not uncommonly go hand in hand together, the 
interstitial infiltration inducing the intrastitial dege- 
neration. 

FATTY INFILTBATION OP THE LIVEE. 

It is in the liver that fatty infiltration assumes its 
most important aspect, and in this organ it is exceedingly 
frequent, constituting what is commonly known as the 
" fatty liver." It must be carefully distinguished from 
true fatty degeneration, in which the nutrition of the 
hepatic cells becomes impaired, and they consequently 
undergo retrogressive metamorphosis. The latter occurs 
in many structural changes of the liver, as cirrhosis, 
amyloid degeneration, &c., and is quite distinct from 
fatty infiltration. 

The hepatic cells always contain a small quantity of 
fat, which is temporarily increased after the ingestion of 
fatty substances. It will be well to describe this phy- 
siological infiltration before proceeding to the morbid 
process. 

The ingestion of an aliment rich in fatty substances is 
followed by a temporary excess of fat in the blood, and by 
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the deposition and temporajy accnmnlatioa of a polios' 
of this within the hepatic cells. This fat is first deposited 
in the ccUa which are in immediate contact with the 
eapillaries of the portal vein, and thos ia produced on, 
exceHs of fat in the cella at the circumferenoe of 
hepatic lohnles. This gradnallj paaaea from the oeUa 
the circumference to those in the icterior, whence it 
liltimately conveyed into the oircnlatioii. Thia process 
goes on until the excess of fat iB removed from the blood, 
when the hepatic cells again acquire their former cha- 
racter. There is thua a transitory aceumnlation of 
within the hepatic cells which le gradually removed, 
vitaUtyof the ceUa not being therehy impaired. 







I 



FiittsInfittraihtujftlieLlrer. ISnmcwIiat diaffrajamatlc) \ 
Bbowing tha nccBinulatioa of fat in Uih external zoaa ol 
the lobolea. F. Hwpatio vein. p. Interlobular port«l 
vfiBBolo. CHindaeiech.) 

Precisely similar to the above is the morbid proo 
The morbidly fatty liver is one which contains an 
quantity of fat. Thia may result cither from on eicesai*^ 
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deposition from the blood, or from some interference with 
the removal of the temporary physiological accamnlations. 
The fat being deposited from the blood in the portal 
capillaries, the increase is first observable in the external 
zone of the hepatic lobules. (Fig. 13.) It accumulates 
here within the cells as minnte globnles, which as they 
increase coalesce and form large drops of fat : these may 
ultimately completely fill and distend the cells, which at 
the same time become larger and more globular in shape. 
(See Fig. 10.) As the process proceeds, the accumulation 
advances from the periphery towards the centre of the 
lobule, until ultimately its whole mass may be involved, 
and the cells universally become distended with fat. The 
vitality of the cells is not materially impaired by the 
infiltration ; they continue to perform their functions, as 
is shown by the presence of bile in the stools and in the 
gall-bladder. 

The fatty liver is somewhat increased in size, in ad- 
vanced stages often considerably so. The surface is 
smooth, the edges are thickened and rounded, the specific 
gravity is diminished, although the absolute weight may 
be increased. If the infiltration be slight, involving merely 
the portal zone of the lobules, the cut surface will present 
a mottled appearance, the external fatty zone being of an 
opaque yellowish- white colour, whilst the central portion 
remains unaltered, or is perhaps somewhat hypersBmic. 
The more extensive the infiltration the larger is the pale 
zone, and ultimately, when the whole lobule is involved, 
there may be left in the centre merely a reddish-brown 
point, which corresponds with the commencement of the 
hepatic vein ; and in many cases even this point is lost. 
The organ is then of an almost uniform opaque yellowish- 
white colour, and the boundary between the individual 
lobules may be completely obscured. In very exceptional 
cases the accumulation of fat is much more abundant in 
some portions of the liver than in others, so that otk. 
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section, jellowisli points and streaks are seen scattered 
over its surface. The consistence of the organ is much 
diminished, it feels doughy, and pits on pressure with 
the finger, and the knife used to cut it becomes coated 
with oil. The pressure exercised by the infiltrated fat 
produces considerable ansBmia of the organ, but the 
interference with the circulation is never sufficient to 
cause ascites, haemorrhage, or other evidences of portal 
congestion. 

Fatty infiltration of the liver occurs under two opposite 
conditions — one in which there is general obesity, and the 
fat accumulates in the liver in common with other parts ; 
and another, in which there is general emaciation, and 
the fat is removed from the subcutaneous cellular tissue 
and from the other situations in which it naturally exists, 
whilst it accumulates in the hepatic cells. The latter is 
exceedingly common in chronic pulmonary and cardiac 
affections, especially in pulmonary phthisis. Possibly in 
these cases the interference with the respiration, and the 
consequent incomplete oxidation of the hydrocarbons, is 
intimately connected with it. 



CHAPTER VII. 

AMYLOID DEGENERATION. 

Amyloid degeneration, which is one of the most im- 
portant of the degenerative processes, consists in the 
infiltration of the tissues with a peculiar homogeneous 
translucent substance closely resembling albumen, by 
which their vitality becomes diminished and their func- 
tions impaired. 

It is often known as the lardaceoua, or wajxy change, 
the organs affected by it having somewhat the appear- 
ance of lard or wax. The term " cmiA/loid" — ^which was 
applied to it by Yirchow, from the supposed resemblance 
of the new material to cellulose or starch — as being 
that by which it is perhaps most generally known, is here 
adopted. 

This form of degeneration is rarely a primary affection, 
but usually occurs in the course of some other disease. 
It appears to be associated with certain cachectic con- 
ditions, brought on by many exhausting diseases. It 
i8 in those diseases which are attended by profose 
and long-continued suppuration, as chronic diseases of 
bone, empyema, chronic tubercular and other disintegra- 
tive diseases of the lungs, chronic pyelitis, and syphilis, 
that the amyloid change most frequently occurs. In 
syphilis, it is those cases in which there is caries or pro- 
longed ulceration that it is most commonly met with. 

Every organ and tissue may be the seat of the change \ 
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those, however, in which it is especially prone to occur, 
are the kidneys, the liver, the spleen, the lymphatic 
glands, and the intestines. It is met with less frequently 
in the stomach, in the supra-renal capsules, in the 
pharynx and oesophagus, in the bladder, prostate, and 
generative organs, in serous membranes, in the mem- 
branes of the brain and cord, and in muscle. It is rarely 
limited to one organ, but several organs are almost 
invariably simultaneously affected by it. 

Respecting the nature of the new material which infil- 
trates the tissues, the analyses of Kekul^ and Schmidt 
show that it is a nitrogenous substance closely allied to 
albumen. The conclusions arrived at by these observers 
are, however, not satisfactory, as they were unable com- 
pletely to separate the substance from the tissues in 
which it was deposited. More recently, Kuhne has suc- 
ceeded, by submitting the amyloid organs to a process 
of artificial digestion, in completely isolating the new 
material, and the results of his investigations confirm 
those of Kekul^ and Schmidt. The investigations of Dr. 
Marcet* show that the infiltrated organs are considerably 
deficient in potash and phosphoric acid, whilst they con- 
tain an excess of soda and chlorine. It appears therefore 
that the amyloid substance is nitrogenous, and that it 
very closely resembles albumen. 

The most characteristic feature of the amyloid sub- 
stance is the peculiar reaction which it gives with iodine, 
and with iodine and sulphuric acid. If an aqueous 
solution of iodine — made with the help of iodide of potas- 
sium — be applied to an amyloid organ, the affected 
portions change to a deep reddish-brown colour : this is 
not permanent, but gradually passes off, and the part re- 
gains its former appearance. If the application of the 



• * Bee "Report of Committee on Lardaceous Disease," Trans. 
Fath. Soc. Lond. 1871. 
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iodine be followed by the cautions addition of snlpbnric 
acid, a blackish -blue or violet tint is produced. This latter 
reaction, however, is not easily obtained, considerable 
nicety being required in the application of the reagents. 
The following is the method for obtaining it, recommended 
by Professor Yirchow: — A dilute aqueous solution of 
iodine must be allowed to soak well into the tissue, the 
excess must be poured off, and a single drop of concen- 
trated sulphuric acid gradually added, when a blue or 
violet colour will be produced, either at once or after 
some time. In the hands of English pathologists this 
latter reaction .has certainly met with but little success; 
and if the colour be obtained, it is by no means satis- 
factory, and more nearly resembles a black than the blue 
which has been described. Fortunately, however, the 
reaction with iodine alone is perfectly characteristic, and 
the attempt to obtain the blue by the subsequent addition 
of sulphuric acid, is therefore quite unnecessary. If the 
change is at all advanced, the reddish- brown colour will 
be produced by merely pouring the aqueous solution of 
iodine over the cut surface of the organ ; but in slighter 
degrees of the affection, thin sections must be made with a 
Valentin's knife, and well washed with water to remove the 
blood, before the coloration with iodine can be obtained. 

Upon considering the above reactions, it will be seen 
that they resemble, in some respects, those exhibited by 
some well-known organic substances. Cellulose — the 
substance which forms the external membrane of vege- 
table cells — ^yields a blue when treated with iodine and 
sulphuric acid, and so far resembles the amyloid material ; 
but differs in not being coloured by iodine alone. The 
same is true of cholesterine ; this also gives a reddish- 
brown with sulphuric acid, but is not altered by iodine. 
To starch, the resemblance is not so marked as to the two 
preceding substances : with this, iodine produces a blue 
colour without the addition of the acid. 
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The amyloid substance almost invariably makes its 
appearance first in the small arteries and capillaries, and 
subsequently extends from them to the surrounding tis- 
sues. The cells of the intima and of the muscular coat 
are the first to become infiltrated, then the remaining 
structures of the artery. When the vessels have become 
infiltrated, the amyloid matter extends to the immedmtely 
surrounding parts; it invades both the cells and the 
intercellular substance, and may gradually extend until 
the whole organ is completely impregnated. 

The changes produced in the tissues by this infiltration 
are very characteristic. The cells as they become filled 
with the new material gradually increase in size; they 
lose any irregularities in their contour, and become 
rounder and more regular in shape; their nuclei dis- 

FiG, 14. 




Liver Cells infiltrated toOh the Amyloid Substance* 
a. Single cells, h. Cells which have coalesced. 
X 300. (Rlndfleisch.) 

appear, and the whole cell is converted into a structure- 
less homogeneous body, which has a peculiar translucent 
glistening appearance. (Fig. 14, a.) If the cells are in 
close contact many of them may coalesce, and their dis- 
tinctive boundaries thus become obliterated. (Fig. 14, 6.) 
The intercellular substance in the same way acquires a 
homogeneous glistening appearance. The walls of the 
small arteries — in which, as already stated, the change 
commences — become considerably thickened, and they 
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present the same homogeneous translucent characters. 
The calibre of the vessels is diminished, and the circula- 
tion through them is consequently impeded. 

Organs in which this change is at all advanced, present 
features so characteristic that its nature can be readily 
recognised by the naked eye. They are usually considerably 
increased in size ; their absolute weight is increased, and 
also their specific gravity ; their surface i» smooth, and 
the capsule tense and stretched ; their consistence is firm 
and somewhat elastic. On section they exhibit a peculiar 
homogeneous, glistening, translucent appearance, some- 
what resembling wax or glue. Owing to the diminished 
calibre of their bloodvessels and to the pressure exercised 
by the new material, they contain but little blood, and 
hence are always pale in colour. The change may involve 
the whole organ, or it may be limited to certain portions. 
In the spleen, for example, it is frequently limited to the 
Malpighian corpuscles ; and in the liver, to the cells in 
the immediate vicinity of the hepatic artery. 

Although the above characters are often sufficiently 
' marked, they should always be confirmed by the applica- 
tion of iodine to the cut surface of the organ. In slighter 
degrees of the affection — when the physical characters 
are but little altered — the application of this reagent 
becomes necessary in order to discover the presence of the 
new substance. In these cases, merely pouring the solu- 
tion over the organ will often fail to produce the charac- 
teristic staining ; and it will be necessary to make thin 
sections with a Valentin's knife, and wash them 
thoroughly with water to remove the blood, before the 
reaction can be obtained. 

In the earliest stages of the change the use of the mi- 
croscope may be necessary for its recognition, and by this 
means the slightest degrees of it can be readily discovered. 
If thin sections of the tissue are examined, those parts 
which are infiltrated will present the peculiar homo- 
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geneous translncent appearance already described, the 
cells having lost their distinctive characters, and being 
united with the intercellular substance into a more or 
less uniform mass. The addition of iodine will render, 
by the staining, any change at once apparent. 

The effect of amyloid degeneration is to impair or even 
to completely destroy the nutrition and function of those 
organs which are affected by it. This is owing to two 
causes — ^the obstruction offered to the circulation, and the 
direct influence of the new material upon the parenchyma 
of the organ. The obstruction to the circulation, which 
results partly from the diminution in the calibre of the 
small arteries, and partly from the general pressure exer- 
cised by the infiltrated substance, causes an insufficiency 
in the supply of arterial blood. As a consequence of this, 
secondary atrophic changes are induced in various parts ; 
the cells atrophy and often undergo fatty metamorphosis, 
which indeed is frequently associated with the amyloid 
change. The infiltration of the parenchyma of the organ 
impairs the vitality of the cellular elements, and may 
ultimately completely arrest any manifestation of their 
functions. 

As this form of degeneration is almost invariably 
secondary to some grave constitutional state, it can rarely 
be looked upon as in itself a cause of death, although it 
may materially hasten, and even determine the fatal ter- 
mination. 

Having thus described the nature of the amyloid sub- 
stance, and the way in which it makes its appearance in 
the several tissues of an organ, it remains to consider the 
source from which it is derived. The disease, as already 
stated, appears to be an infiltration, and to consist in the 
deposition of a new material from the blood in the various 
tissues and organs. The existence, however, of any albu- 
minoid substance in the blood which resembles amyloid 
in its reaction with iodine, ha^ never been made out, even 
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in the most marked cases of the disease. This fact must 
therefore negative the supposition that it is a simple 
infiltration. If the new material be derived from the blood 
at aU, it mnst undergo some chemical change subsequently 
to its deposition in the tissues. Dr. Dickinson considers 
that it is dealkalized fibrin, which is deposited in conse- 
quence of the loss of the alkali with which it is normally 
combined ; this loss resulting from the profuse suppura- 
tion to which the disease is usually secondary: — hence 
he terms it *' depurati/ve injlUration" * Whether this be 
so or no, it is probable that some abnormal condition of 
the blood is the cause of the disease, and that the change 
itself consists in the retention and coagulation in the tis- 
sues of some albuminoid substance which is derived from 
the nutritive fluids. Whether this is albumen or the 
fibrinogenous substance is unknown. The way in which 
the several tissues of an organ are affected, the change 
abnost invariably commencing in the small nutrient blood- 
vessels, and extending from them to the surrounding 
parts; the general character of the affection, several 
organs being simultaneously involved ; together with the 
fact that it is almost invariably secondary to chronic 
suppurative diseases — point to some alteration in the 
composition of the blood as the cause of the degene- 
ration. 

AMYLOID DEGENEEATION OP THE LXVER. 

The liver is one of the most frequent seats of the 
amyloid change, and here, as in other parts, it commences 
in the small nutrient blood-vessels. The minute branches 
of the hepatic artery are first affected, and from these the 
infiltration gradually extends to the hepatic cells imme- 
diately adjacent, until ultimately the whole organ may 
become involved. 

* " Medico-Ohinirgical Transactions," vol. 1; 



NUTBiTION IMPAIEED. 



B afiSS^^ 



If a liver be oxamined in tbe early stage of tbe 
tion, and the iodine solution applied to thin washed 
tions of the organ, it will te fonnd that the characteristic 
staining ie limited to certain portions of the lohnles — viz., 
to thoae which are situated between their eitemal and 
centra] parta. This intermediate portion corresponda 
with the diatribution of the hepatic artery, and the 
liepatic cella Hitoated between its ramifications being 
infiltrated with the new material before those in the 
external and central portions of the lobole, the brown 
staining is first apparent in this situation. [Fig. 1^^_ 
Fio 15 ^M 




tbe Dte-I uibata xune of (lia I bu h a Int 
artarv V Hepatio vtm pp Portal tosbbIb 
(Kindfla Bch ) 

The earhest seat of the amyloid cliango thus d 
from that of the fatty. In fatty infiltration it ia tbe mort 
external portion of the lobule io which the fat accnmn* 
lates — that which correB-ponda with the distribution o( 
the portal vem (see Fig. 13). It diifers also from tbe 
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infiltration with pigment, which takes place in the most 
central portion, aronnd the hepatic vein. Thus in each 
hepatic lobnle three zones may be distinguished: — 
an external one, which is the chief seat of the fatty 
change ; a central one, which is the chief seat of the pig- 
mentary change ; and an intermediate one, which is the 
chief seat of the amyloid change. These three zoi^es, 
indeed, may frequently be recognised by the naked eye, 
the pale opaque external one contrasting strongly with 
the intermediate one which is translucent, and with the 
darker central one. In the most advanced stages of the 
disease, however, both the external and central portions 
of the lobule may become involved, and the cut surface 
present an almost uniformly homogeneous appearance. 

The amyloid liver is increased in size, often very con- 
siderably so ; it may be so large as almost completely to 
fill the abdominal cavity. The enlargement is uniform, 
and hence the natural configuration of the organ is but 
little altered. Its weight is increased, and also its specific 
gravity. Its edge is rounded, the surface is smooth, and 
the capsule appears tense and stretched. The consistence 
is firm and elastic. The cut- surface is dry, bloodless, 
smooth, translucent, and waxy-looking, and of a pale 
reddish-grey or dirty yellow colour^ If the change is very 
far advanced, the tissue may be perfectly homogeneous, 
all distinction between the individual lobules being lost. 
In other cases the lobules are distinctly mapped out; 
they are enlarged, and the external zone may be of an 
opaque yellowish-white colour owing to the presence of 
fat. This association of the fatty and amyloid changes is 
exceedingly common. Amyloid infiltration does not ob- 
struct the portal circulation, and hence does not cause 
ascites. It impairs the vitality of the hepatic cells, and 
thus interferes with the functions of the organ. 
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AMYLOID DEGENERATION OE THE KIDNXTS. 

The kidneys are especially liable to be involved in the 
amyloid change, and are frequently the earliest seats of 
the morbid deposition. It may conEftitute in them the 
primary lesion, or it may occur subsequently to inflam- 
matory conditions of the secreting and interstitial struc- 
tures. As a primary change it is one of the most im- 
portant varieties of Bright's disease. 

The process commences in the tufts of vessels which 
form the Malpighian bodies, the walls of which become 
thickened by the infiltration of the new material, so that 
the tufts are increased in size. It then proceeds to the 
small afferent arteries, and ultimately to the vasa effe- 
rentia, and to the arteriolsB rectae which run through the 
medullary portion of the organ. After these vessels have 
thus become infiltrated, and before those in the pyramids 
are affected, the deposition extends to the intertubular 
tissues of the cortex, into which the amyloid substance is 
poured, imbedding the tubuli uriniferi in its course. In 
some parts it appears that the exudation takes place into 
the tubes themselves, as the casts which they contain are 
occasionally deeply stained by the iodine solution : this, 
however, is far from being frequently the case. In the 
earlier stages of the process, — if the organ is not the seat 
of any other morbid change — the tubes and their lining 
epithelium present a perfectly natural appearance. Many 
of them contain pale hyaline casts, which also appear in 
the urine. These, however, are probably simply albumen 
and fibrin which have transuded from the vessels ; although 
from the reaction they occasionally exhibit, it appears that 
they sometimes consist of the same material as that 
which permeates the vessels and intertubular structures. 
As the change proceeds, and the new material increases 
in amonnt, the tubes become compxft^aftd, «»iLd in many 
places completely obstructed. 1£ tikie conrgt^^^^o^Ha^^H* 
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uniform, tliej may dilate and form small cysts. The 
epithelium, which was at first normal, ultimately atrophies 
and undergoes fatty changes, owing to the interference 
with its nutrition. In some cases it appears to be the 
seat of a catarrhal condition, and the tubes are found 
blocked with epithelial products. 

The first effect of this change is to obstruct the circu- 
lation in the cortex. The blood-vessels, diminished in 
calibre, allow little but the liquor sanguinis to pass 
through them, the passage of the blood-corpuscles being 
to a great extent prevented: hence the pallor of this 
portion of the organ. The arterial walls are so altered 
that fluids and albumen readily permeate them; and 
thus is produced the large quantity of urine, loaded with 
albumen, which characterizes the earlier stages of this 
affection. As the infiltration increases, and the tubes 
become obstructed, the urine diminishes in quantity. 
The excretion of urea is less interfered with than 
in other forms of Bright's disease, and hence symp- 
toms due to its retention seldom occur. Tube casts are 
rarely numerous ; they are for the most part hyaline and 
finely granular, though sometimes they contain fatty 
epithelium. 

In the earlier stages of the affection, the cortex of the 
kidney is merely rather paler than natural, and perhaps 
somewhat firmer in consistence ; but otherwise it pre- 
sents no abnormal appearance. It is only upon the appli- 
cation of iodine to the cut surface, or to thin washed 
sections of the organ, that its diseased condition become^ 
evident. When this test is employed, the Malpighian 
bodies at once become apparent as minute red points 
scattered through the cortex, ^s the disease advances, 
the size of the organ increases; the enlargement, how- 
ever, is principally confined to the cortex. The surface is 
smooth, and the capsvde separates readily. TlVl^ etiW^^ 
cortex is remarkably pale and ansBiuic, aTid\iaa B»^QrQicLiax 
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translucent, homogeneous, wax-like appearance. Its con- 
sistence is hard and firm. A few scattered vessels may 
be seen on the surface, and the bases of the pyramids 
sometimes exhibit an increased amount of vascularity. 
If iodine be poured over the cut surface, the Malpighian 
bodies and the arteries of the cortex become mapped out 
almost as clearly as in an artificial injection. The enlarged 
Malpighian bodies may indeed often be seen as glistening 
points before the iodine is applied. Frequently, the 
homogeneous appearance of the cortex is interrupted by 
minute, opaque, yellowish-white lines and markings ; 
these are produced by the fatty changes in the epithelium 
of the tubes, which so commonly occur in the later stages 
of the affection. Ultimately, the capsule may become 
more or less adherent, and slight irregular depressions 
may make their appearance on the surface of the organ : 
the latter are due to atrophic changes in some of the 
tubes. If, as is not unfrequently the case, the infiltration 
is associated with an increase in the intertubular con- 
nective tissue, the atrophy of the organ will be more 
marked. (See " Interstitial Nephritis.") 

AMYLOID DEGENERATION OP THE SPLEEN. 

Amyloid degeneration of the spleen is met with in two 
forms — one in which the disease is limited to the Mal- 
pighian corpuscles (" Sago Spleen'*), and the other in 
which the pulp appears to be chiefly implicated. The 
former is much the more common condition. In it the 
Malpighian corpuscles become infiltrated vdth the amyloid 
substance and converted into translucent wax-like bodies, 
much like boiled sago: — hence its name. The process 
commences in the small arteries of the corpuscle, and it is 
only after these have become infiltrated that it extends to 
the corpuscles themselves. The small lymphatic cells of 
which the corpuscle is made up are then involved in the 
process, they increase in size, become more irregular 
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,m ontUne, manj of them coaleBce, and ultimately the 
'Vhole is coDverted into a pale, firm, translncent, glistening 
masB. (Pig. 16.) 




AmvMdDtffa%erallm<^at,^ilieti—"Sagoi^!an.'' A 
portJon of oDe of the infiltrated UalplRhutn oorpnsclea a, 
with the BJjjaceiit aonmd splenic tisene b. ShowiDg 
the increase in size, snd iu man; puts, the coales- 
cence at the cells, of which Uie corpDBcle is compoaed. 
K 200. 
The sago spleen is more or less eolai^d; its weight 
and density are also increased. The cut surface is smooth, 
dry, and studded all over with small glistening sE^-like 
bodies, vaijing in size from a millet to a hemp-seed, 
which are stained a reddish-brown ooloor bj the iodine 
eolation. These may become so large as to occnpy a 
large portion of the organ, althongh in earlier stages of 
the a&ection they are so minate that they can only be 
seen in thin sections of the tiasne. 

In the other vaiiety of amyloid spleen, the pnlpy paren- 
chyma between the corpascles is infiltrated with the new 
material. This is probably merely an advanced stage of 
the former condition, in which the disease extends from 
the corpuscles to the Borronnding pnlp; the whole organ 
being ultimately involved. Under these oironmstonces 
the organ often attains a considerable size, much larger 
tham is met with in the sago Bpleen, It is remarkably 
hard and firm, and the capsnle is tense and transparent. 
On section it presents a dry, homogeneous, translncenti 
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bloodless surface, of a uniform dark reddish-brown colonr. 
Thin sections can be readily made with a knife, the organ 
cutting like sofb wax. The corpuscles are not visible as 
in the former variety, being probably obscured by the 
surrounding pulp, which has become so densely infiltrated 
with the amyloid substance. 

AMYLOID DEGENEBATIOK OF LTMFHATIC GLANDS. 

In the lymphatic glands the process much resembles 
that in the spleen. The small arteries in connexion with 
the follicles of the gland are the earliest seats of the 
change; and from these it extends to the minute cells 
with which the follicle is filled. The follicle thus becomes 
ultimately converted into a small homogeneous mass. 

The glands are enlarged, and on section the minute 
wax-like bodies can often be seen scattered through 
the cortex. The cut surface is smooth, pale, and trans- 
lucent. 

As these glands are largely concerned in the formation 
of the blood-corpuscles, their implication in the amyloid 
change must to a large extent aid in producing the 
emaciation and anaemia which characterize this affection. 
The same is true of the spleen, which is usually 
simultaneously involved. 

AMYLOID DEGENEBATION OF THE ALIMENTAKY CANAL. 

The whole of the alimentary tract may be the seat of 
the amyloid change, and here it assumes an important 
aspect from the deleterious infiaence which it exercises 
upon the absorbent and secreting processes, and from the 
consequent impairment of the general nutrition which 
results. The disease, however, in this situation is very apt 
to escape observation, as it produces but little alteration 
in the appearance of the parts. The mucous membrane 
may look somewhat pale, translucent, and oedematous. 
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but otherwise to the naked eye nothing is discoverable. 
It is only npon the application of iodine to the washed 
mncons surfaces that the nature of the change becomes 
apparent. In the small intestine — ^which is perhaps the 
part most commonly affected — the effect of the applica- 
tion of iodine is very characteristic. A number of small 
reddish-brown points appear over the whole surface of 
the membrane; these correspond to the intestinal villi, 
the arteries and capillaries of which are infiltrated with 
the amyloid substance. In the stomach and oesophagus 
the vessels are mapped out in a similar manner by the 
iodine solution. The change in the intestine gives rise 
to serous diarrhoea, this being probably due to an in- 
creased permeability of the infiltrated walls of the vessels. 

THE CORPORA AMYLACEA. 

The corpora amylacea or " amyloid bodies," so fre- 
quently met with in the nervous system, in the prostate, 
and in other parts, have usually been looked upon as more 
or less allied to the amyloid substance; there appears, 
however, with the exception of a certain similarity in their 
behaviour with iodiae and sulphuric acid, to be no con- 
nexion between them. 

They are round or oval bodies, formed of a succession 
of concentric layers, and are often changed to a deep blue 
colour by iodine, thus bear- 
ing both in their structure ^ ' 
and chemical properties the 
strongest resemblance to gra- 
nules of vegetable starch. 
(Fig. 17.) Sometimes, how- 
ever, the blue is only exhi- 
bited after the subsequent ad- Amyloid Bodveafr&m the 
dition of sulphuric acid, and Prostate. 
thus a resemblance is shown to the amyloid substance. 
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They vary in size from microscopic gramiles, to bodies 
which are distinctly visible to the naked eye; sometimes 
being as mnch as one or two lines in diameter. The larger 
ones are usually formed by the conglomeration of the 
smaller granides, which are often enclosed by a common 
envelope. 

They occur especially in the nervous system of those in 
advanced life ; the ependyma of the ventricles, the white 
substance of the brain, the choroid plexus, the optic nerve 
and retina, and the spinal cord, being their favourite 
seats. The larger forms are met with most frequently in 
the prostate. The prostate of nearly every adult contains 
some of these bodies ; and they may accumulate here to 
such an extent as to form large concretions. They are 
also occasionally met with in the lungs, and in mucous 
and serous membranes. 

As has been said, they usually exhibit a bright blue 
colour upon the application of iodine alone, although in 
some cases not until the subsequent addition of sulphuric 
acid. Many of them, however, are coloured green, or 
even brown by these reagents. The green is due to their 
admixture with nitrogenous matters, which give a yellow 
colour with iodic e, and hence the combination yields a 
green. The greater the amount of nitrogenous matter 
the more brown does the colour become. 

From the laminated structure of these bodies they 
would appear to be formed by the gradual precipitation 
of some material, layer by layer, upon the surface of 
pre-existing particles. The nature of the material, how- 
ever, does not appear to resemble that of the substance 
which infiltrates the organs in amyloid degeneration. 
The two processes are so essentially different, both in the 
circumstances under which they occur and in the cha- 
racters and seat of the morbid products, that they cannot 
be looked upon as in any way analogous. Amyloid 
degeneration is a general change, in which numerous 
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organs become infiltrated with an albnminoid substance, 
whereas the formation of the corpora amylacea is evi- 
dently of a local nature. The latter is often preceded 
by those local atrophic changes associated with advanced 
life, and consists in the deposition of some starch-like 
material, probably Hberated in the tissues themselves, 
upon any free body which may exist in its vicinity. 

The corpora amylacea, especially those occurring in 
the choroid plexus and in the lateral ventricles, are very 
liable to become calcified, and they then constitute one 
form of " brain sand " which is so often met with in these 
situations. 



CHAPTER VIII. 

CALCAREOUS DEGENERATION. 

Calcareous Degeneration — or, as it is more commonly 
called, Calcification — consists in the infiltration of tlie 
tissues with calcareous particles. Physiologically, an in- 
filtration of calcareous particles takes place in the forma- 
tion of bone, in which lime and magnesian salts are depo- 
sited in the fibrous or cartilaginous matrix. This physio- 
logical is precisely similar to the pathological process. It 
is important, however, to distinguish simple calcification 
from ossification. In the latter there is not only a depo- 
sition of lime salts, but an active change in the tissue 
itself — a proliferation of the cellular elements, an intimate 
union of the calcareous matters vdth the tissue, and the 
formation of a true osseous structure in which the cal- 
careous particles are not visible. Calcification, on the 
other hand, is a purely passive process, there is no in- 
creased nutritive activity of the part, no multiplication 
of elements, no alteration of the structure, but merely an 
infiltration with calcareous particles. 

An infiltration and deposition of calcareous substances 
occurs under two opposite conditions ; one — in which there 
is an absolute increase in the amount of these constituents 
in the blood, and the excess becomes deposited in the 
tissues ; the other — ^in which there is no such increase, but 
the deposition takes place owing to some alteration in the 
tissue itself. 
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An absolute increase of the saline constituents in the 
blood, and the deposition of the excess in the tissues, is 
much the less frequent form of calcification. It occurs in 
some forms of softening of bone, especially in extensive 
caries and osteomalacia. In these diseases the lime salts 
are removed from the bone, returned into the blood, and 
deposited in other tissues. In such cases the calcification 
is usually more or less general — many organs being simul- 
taneously involved. In osteomalaeia, it is not uncommon 
to find the kidneys, the lungs, the stomach, the intestines, 
and even the dura mater and liver, infiltrated to a greater 
or less extent with lime salts. The excess of saHne matters 
in the blood may also be due to interference with their 
excretion by the kidneys. In chronic structural disease of 
these organs, calcification may sometimes result from the 
consequent impairment of their excreting functions. To 
whichever of these causes the excess is due, the deposition 
will commence in the tissue immediately surrounding the 
blood-vessels from which the calcareous matters are de- 
rived : — thus, in the lungs, the seat of the change is the 
interlobular tissue ; in the stomach, the stroma between 
the glands ; and in the kidney, the tubuli uriniferi and 
the intertubidar tissue. If the process is the result of 
unpaired excreting function of the kidneys, it may be 
limited to them ; the pelves, and the tubes of the papillaa 
and pyramids, being the earUest seats of the deposition. 
Precisely analogous to this form of calcification is the de- 
position of the excess of urate of soda which takes place 
in gout. 

In the great majority of cases, however, calcification is 
a local change, depending not upon any alteration in the 
composition of the blood, but upon changes in the tissues 
themselves, owing to which some of the saline matters 
which are normally held in solution in the blood are de- 
posited in them. The alteration in the tissues consists 
in some impairment of their nutrition, associated with a 



78 NUTRITION IMPAIRED. 

diminution in the amount of blood, and a retardation of 
its circulation. All those conditions which tend to pro- 
duce atrophic and retrogressive changes in a part, and at 
the same time to interfere with the circulation in it, are 
liable to be followed by its calcification. Inflammation, 
rapidity of growth, diminished nutritive supply, and 
general impairment of vitality, may all of them give 
rise to this process. This is seen in the calcification of the 
vegetations in endocarditis, of the caseous masses in the 
lungs and lymphatic glands, of many new formations, and 
of the blood-vessels and cartilages in old people. In its 
morbid antecedents calcification thus somewhat resembles 
fatty degeneration, and its pathological signification is in 
many cases equally difficult to determine. Fatty dege- 
neration indeed very frequently precedes the calcification, 
which is merely a later stage of the retrograde process. 

Respecting the cause of the deposition of the calcareous 
substances in the atrophied structures — ^it is probably 
partly owing, as stated by Rindfleisch, to the stagnation 
of the nutritive fluids in the part, owing to which the free 
carbonic acid which appears to hold the salts in solution, 
escapes, and they are consequently precipitated; and 
partly to the non-assimilation of these fluids by the dege- 
nerated elements of the tissue. The calcareous particles 
make their appearance both within the cells and in the 
intercellular substance; they are much more frequent, 
however, in the latter situation. They are seen at first as 
fine molecules scattered irregularly through the intercel- 
lular substance. (Fig. 18.) They are characterized, when 
viewed by transmitted light, by their opacity, dark black 
colour, and irregular outline, and also by their solubility 
in dilute mineral acids. They gradually increase in 
number until ultimately large tracts of tissue may be 
converted into an opaque calcareous mass, in which 
the cells are enclosed and can no longer be recognised. 
These larger masses have a sharp black irregular outline. 
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anfl wlien the calcification is complete, acquire a homo- 
geneous, glistening, semi-transparent appearance. The 
ceUa themselTes are much leas f reqnentlj infiltrated, being 
ntrnallj merely enclosed, and obacnred bj the calcified 




intercellnlar snbstance. Calcareoua particles may, howeirer, 
make their appearance in the cell-contents, and gradually 
increasing, convert the cell into a homogeneous caloareons 

The calcareous matters consist for the most part of 
lime and magnesian aalta, especially the phosphates and 
carbonates. If the latter are present, the addition of a 
Uttic dilute hydrochloric acid is followed by the appear- 
ance of numerous minute air hubbies in tbe tissue, owing 
to the hberation of carbonic acid. In those cases in which 
calcification is associated with retained gland-secretions, 
the calcareous matters will consist of the specific gland 

A part which has become calcified undergoes no further 
change, its vitality is completely destroyed, and it remains 
as an inert mass. In this respect calcareous difiers from 
fatty degeneration. In the latter, subsequent changes in- 
variably take place ; the part either softening, caseating. 
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or becoming the seat of calcification itself. It differs also 
in its effect upon the tissue. The structure of the affected 
part is not destroyed, and there is no annihilation of his- 
tological elements, such as occurs in fatty degeneration. 
The tissue is simply impregnated with calcareous matters, 
which have no other effect upon it than to render it inert ; 
its vitality is destroyed, but its structure — in so far as the 
calcification is concerned — remains unaltered. If the 
saline matters are dissolved out with a little dilute mi- 
neral acid, the structure of the part may be again 
recognised, unless, indeed — as is often the case — it has 
been destroyed by any antecedent change. 

Calcification must thus be looked upon in many cases 
as a salutary lesion, the impregnation with calcareous 
matters preventing subsequent changes in Jhe part. This 
is especially the case when it is secondary to other forms 
of degeneration. It is the most favourable termination 
of the large class of fatty changes, as is exemplified by 
the calcification of many inflammatory products, of 
tubercle, and of many other new formations. It may, on 
the other hand, under certain circumstances, be attended 
with most deleterious consequences, as is the case when 
it affects the arterial system. 

CALCIFICATION OF ARTEKIES. 

Calcification of arteries, like fatty degeneration, may 
be a p'ima/ry or secondary affection. As a secondary 
change it constitutes one of the terminations of the athe- 
romatous process, and as such is constantly met with in 
the aorta and its branches, and in many other situations. 
(See "Atheroma.") 

Primary calcification is less frequent than that which 

occurs in atheromatous vessels. It is essentially a senile 

change, and is the result of that general impairment of 

vitality which exists in advanced life. It is associated 

with atrophy of the arterial tisauea, an^ m ^om^ ^-asft^ 
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with fatty degeneration. Afl it is not dependent upon a 
local cause, but upon general malnutrition, the change is 
a more or less general one, and when occurring in one 
part is met with in others. It is, however, especially 
frequent in the superficial arteries, in the arteries of the 
upper and lower extremities, and in those of the brain. 
Its most common seat is the middle coat, where it com- 
mences in the muscular-fibre cells. The calcareous par- 
ticles make their appearance at first around and within 
the nucleus, and gradually increase until they fill the 
cell, which becomes converted into a small calcareous 
fiuke. The process may go on until the muscular coat is 
completely calcified, or it may be limited to isolated por- 
tions of the coat, giving rise to numerous calcareous rings 
and plates which are irregularly distributed throughout 
it. From the muscular, it may extend to the external 
and internal coats, until ultimately the vessel becomes 
calcified throughout. In the majority of cases, however, 
the middle coat only is involved.- 

The vessel thus calcified, loses its elasticity and con- 
tractility ; its lumen is diminished, and it is transformed 
into a hard, rigid, brittle tube. This condition is exceed- 
ingly common in the external iliac and in the vessels of 
the lower extremity, where it is a frequent cause of senile 
gangrene. (See ** Senile Gangrene.") 



6 



CHAPTER IX. 

PIGMENTARY DEGENERATION. 

PiGMENTAEY Degeneration, or Pigmentation, consists in 
an abnormal formation of pigment in tlie tissnes. All 
true pigments are derived from the colouring matter of 
the blood. Physiologically, many of them are eliminated 
by the kidneys and liver; others are deposited in the 
tissues, and there remain permanent. The choroid coat 
of the eye and the skin of the negro, are well-known 
examples of tissues in which there is this permanent ac- 
cumulation of pigment. The cells in these situations 
appear to be endued with a special power to abstract the 
colouring matters from the blood, and to store them up 
in their interior, where they undergo certain chemical 
changes and become converted into pigment. 

In the pathological process also, the pigment is derived 
from the same source, although its presence in the tissues 
is rarely dependent upon any abnormal secreting powers 
in their cellular elements, but is usually the result of 
certain changes in the circulation or in the blood-vessels, 
owing to which the colouring matter of the blood escapes 
and infiltrates the surrounding parts. This escape of 
haemoglobin may be owing to rupture of the vessels 
themselves, or to conditions of congestion or stasis, in 
which the blood-corpuscles and Kquor sanguinis pass 
through their walls. In eitYiex caB«b ^i5pLe\«feISiQ^0c«x^Nf^ii 
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permeate the tissues and ultimately be converted into 
pigment. Eaptnre of the vessels and the direct extrava- 
sation of blood, is, however, the most common antecedent 
of the pigmentary change. Soon after the extravasation 
has taken place, the haemoglobin escapes from the red 
blood-corpnscles, either by exudation or by destruction 
of the corpuscle, and mixed with the liquor sanguinis, 
infiltrates the surrounding tissues. In other cases it 
escapes without any solution of continuity in the walls of 
the vessel. This frequently occurs in conditions of in- 
flammatory stasis and mechanical congestion, in which 
serous exudation takes place into the tissues, and the 
hsBmoglobin is liberated from the blood-corpuscles within 
the vessels, from which it transudes, dissolved in the 
liquor sanguinis. Lastly, the red corpuscles themselves 
may pass through the walls of the capillaries without 
rupture having taken place. In whichever of these ways 
the solution of hasmoglobin is derived, it infiltrates the 
tissues, staining both the cells and the intercellular sub- 
stance a yellowish or brownish-red colour. It is taken 
up, however, more readily by the cells than by the inter- 
cellular substance, or by membranous or fibrous struc- 
tures; and it stains only the cell-contents, the nucleus 
and cell-wall remaining unaltered. 

After the colouring matter has remained for some length 
of time in this difiuse form, it undergoes certain changes: — 
it becomes darker and more or less granular, minute red- 
dish-brown or black granules and crystals make their 
appearance both in the cells and in the intercellular sub- 
stance, and these may gradually increase and form larger 
masses. This change in the extravasated haBmoglobin is a 
chemical one, and the substance into which it is converted 
is Juematoidin, Hasmatoidin appears to be closely allied 
to the colouring matter of the bile, cholepyrrhin, which is 
also a derivative of ha9moglobin. It exhibits sinia^aLt x^^^i.- 
tions when treated with concentrated miueT^ acv^'a, ^^"■ 

g2 
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playing the same variations of green, blue, rose, and 
yellow colonrs. It is insolable in water, alcoliol, ether, 
and in dilnte mineral acids and alkalies ; it is soluble in 
the caustic alkalies giving a red colour. It contains more 
carbon than haemoglobin ; and it also contains iron. 

The granules of haBmatoidin vary in size from the 
smallest particles to masses as large as a red blood-cor- 
puscle. The larger ones are round, or more commonly 
irregular in shape, and have a sharp defined border. 
Their colour varies from yellow, red, and brown, to black. 
These variations ax>pear to depend upon the age of the 
granules and the tissue in which they are formed ; the 
older they are the blacker they become. The smaller 
granules are usually dull and opaque, the larger ones, 
however, often present a more or less glistening appear- 
ance. (Fig. 19.) The crystals of haematoidin are oblique 

Fig. 19. Fig. 20. 
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Cells confaining pigment, Hcematoidin crystals* 

From a melanotic sarcoma of (Virchow.) 

the liver, x 350. 

rhombic prisms, usually of a beautiful yeUowish-red or 
ruby-red colour, sometimes approaching to brown or 
black. They may also occur as little plates and fine 
needles, but these are less common forms. (Fig. 20.) They 
are in most cases so small that considerable care is re- 
quired to recognise their crystalline nature under the 
microscope, and they may easily \ie o^etVooYfe^ ^^ -safttely 
irregular granular masses ; in some casfe^,\iQW«^^T, 'Cck«j 
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attain a larger size. They are more or less transparent, 
and present a shining strongly refracting surface. 

Whether the haemoglobin is converted into granular or 
crystaUine hsamatoidin appears partly to depend upon 
the tissue in which it is situated, the crystals being ex- 
ceedingly common in some situations, as in the brain and 
ovaries, whereas in others, as the lungs, only the granules 
are met with. Both the granules and crystals are cha- 
racterized by their durability and by their great powers of 
resistance; when once formed they undergo no further 
change. 

Those forms of pigment — ^both granidar and crystal- 
line — which are of an intensely black colour, have been 
supposed to consist of a substance which differs in che- 
mical composition from haamatoidin, and which has been 
called melcmin. There appears, however, to be no foun- 
dation for such a distinction. Melanin is probably merely 
hsematoidin, which has become more or less altered by 
age. It is endued with greater powers of resistance, being 
less readily soluble in reagents than the more recently 
formed haematoidin. 

Pigmentation, although one of the most common and 
xmiversal forms of degeneration, is of comparatively little 
importance as a morbid process. The mere existence of 
pigment within and between the histological elements of 
the tissues, has in itself but little influence upon their 
vitality and functions. The atrophy and impairment of 
function which so frequently accompany it, must rather 
be looked upon as the result of those conditions upon 
which the formation of the pigment depends, than as in 
any way owing to the presence of the pigment itself. 

As evidence of other antecedent conditions, pigmentation 
assumes a more important aspect. The pigment being 
derived from extravasated haemoglobin, in whatever situa- 
tions it occurs, it must be looked "CLpoTi a.^ \)afe x^-so^ ^\ 
some alteraidon in the circalatiou ox m\Jcka \i^o^^-^^^^^^ 
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owing to which the escape of the colouring matter is per- 
mitted. Exceptions to this exist, however, in the case of 
certain pigmented new formations, in which the presence 
of the pigment appears to be mainly owing to the selective 
power of the cells ; these, like those of the choroid, sepa- 
rating the colouring matter from the blood. It is those 
growths which originate in tissues normally containing 
pigment, as the choroid and rete mucosum, which are 
most frequently melanotic. (See " Melanotic Sarcoma.") 
In Melanesmia, again, the large quantities of pigment 
which exist in the blood, are the result of a local formation 
— for the most part by the spleen. Lastly, in Addison's 
disease, the pathology of the pigmentation of the skin is 
at present involved in obscurity. 

Pigment is often the only evidence of a former ex- 
travasation. This is frequently the case in cerebral 
haemorrhage, where the crystals of hasmatoidin may be 
all that remains to indicate that rupture of the capillaries 
has taken place. In the ovaries, also, the slight hasmor- 
rhage which follows the escape of the ovum at each men- 
strual period, is marked by the formation of pigment 
which constitutes the " corpus luteum." In mechanical 
congestion and inflammation, again, the consequent pig- 
mentation may be the principal evidence of the former 
existence of these conditions: this is especially seen in 
pigmentation of the mucous membrane of the stomach 
and intestines. The formation of pigment is thus, with 
the few exceptions above named, the result of some ante- 
cedent change in the blood-vessels or circulation ; and its 
presence in the tissues appears to be little more than a 
testimony to the existence of those processes upon which 
its formation depends. 

False Pigmentation. — ^There are certain forms of dis- 
eoloration of the tissues which are not due to the presence 
of haBmatoidia : these must "be 3aB\im^xiValafc^ ^xom true 
pigmentation^ The most impoxtaTit oi \\ism, «sA KJoa^ 
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wbicli is most closely allied to the process already 
described, is the staining of the tissues with the colouring 
matter of the bile, which is itself a deriyative of hssmo- 
globin, and is, as before stated, very analogous to hasma- 
toidin. This yeUow staining may afPect nearly all the 
tissues, constituting "jaundice;" or it may occur in the 
liver alone, from local obstructions to the small bile-ductu, 
as is often seen in cirrhosis of that organ. In these cases, 
however, there is merely the staining of the tissues with 
the colouring matter of the bile, and no subsequent con- 
version of this into pigment. 

The discoloration caused by the long-continued use of 
the salts of silver must also be distinguished from true 
pigmentation : the colour here is due tor the deposition of 
the silver in the tissues. The black colour of gangrenous 
parts, and that sometimes produced by the effusion of 
large quantities of blood into the tissues, must again not 
be confounded with pigmentation; the discoloration in 
these cases is the result of the action of the sulphuretted 
hydrogen upon the colouring matter of the blood. The 
greenish-black discoloration so often seen on the surface 
of the liver, kidneys, and other abdominal organs after 
death, is in the same manner due to the intestinal gases. 
Lastly, the minute particles of inhaled carbon which are 
always met with in the lungs, must be distinguished from 
true pigment. 

PIGMENTATION OP THE LUNGS. 

In no organs is pigment met with so frequently and in 
such large quantities as in the lungs, and here much dis- 
cussion has arisen as to its nature and origin. The lungs 
normally contain more or less black pigment, the amount 
of which gradually increases with advancing age — ^the 
lungs of infants and young children being almost free 
from it, whereas those of adults invaiiably coiLl^m\^»YCL 
considerable quantities. 
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This normal pigmentatioii of the longs is principally 
due to the presence of carbon, and not to that of tme 
haeniatoidin-pigment. The carbon — which is derived from 
the incomplete combustion of wood, coal, and other sub- 
stances, and is always present in varying quantities in 
the atmosphere — is inhaled, and.the- minute particles pass 
into the finest bronchial tubes. Having entered the 
bronchi, many of them are taken up by the mucus- 
corpuscles, where they may be seen as small black gra- 
nules within the cells. These may readily be observed 
in the cells of the greyish-black sputum which is so fre- 
quently expectorated in the early morning. Much of the 
carbon thus inhaled is eliminated by expectoration; many 
of the particles, however, pass into the air-vesicles, and 
here their removal by this means being less readily 
effected, they gradually penetrate the pulmonary sub- 
stance, and make their way into the alveolar walls and 
inter-lobular tissue. It is in these situations that most 
of the pulmonary pigment is found, and there it may be 
seen either within the connective tissue-cells, or lying 
free amongst the fibres. 

As to the means by which the particles of carbon 
penetrate the walls of the air- vesicles and minute bronchi, 
nothing is certainly known. They are probably conveyed 
by amoeboid cells, and by the extra-vascular nutrient 
fluids. Be this as it may, there can be no doubt that the 
penetration takes place, this having been conclusively 
demonstrated by physiological experiment. When once 
the carbon has made its way into the inter-lobular tissue, 
some of it is taken up by the fixed cells in this situation, 
whilst that which is not thus detained, passes on to the 
lymphatics, and is deposited in the bronchial lymphatic 
glands, where the black particles are also visible. 

Closely allied to this physiological pigmentation of the 
long from, the inhalation of carbon., «k,Tft \Jclo^^ Tciorbid con- 
ditions which result from tlie inl^^aXivoxL cA ^^TM\^<i'?^ ^ 
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cmI, stone, iron, and other Bnbstances,— of which the 
hingB of minera, atoDS-masons, and grinders afford ire- 
qnent examplea. Here alao minnta particlea enter the 
bronchi, penetrate the pnlmonarj anbatance, and are de- 




posited principally in the inter-lobnlar tissne. In the 
caae of miners — in which this ia most common — the par- 
ticles of coal enter the Inngs in such large qnantitiea as 
to give to them a noiform dark black colour, and like the 
carbon normally inhaled they are most abundant in tiie 
interstitial tisane. {Fig. 21.) In stone-maHoca, grinders, 
Ac., the lungs alao become deeply pigmented, although to 
a leas extent than those of miners. 

The black colour of the lungs in these cases, however, ia 
not entirely due to the presence of the inhaled aubstancea, 
but partly to that of true htematoidin-pigment. The in- 
halation of the irritating particles seta np m^in'm&Xiurj 
1 the bronobi and pulmoii&rT tiaaiSA, carasi;ii.% 
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chronic bronchitis, chronic lobular pneumonia, and a large 
increa.se in the fibrous tissue of the lungs, which thus ulti- 
mately become consolidated, excavated, tough, and fibrous 
(" Colliers" and " Knife-grinders* Phthisis," &c.) Owing to 
these structural changes there is a considerable escape of 
colouring matter, either from rupture of the capillaries or 
transudation of serum, and hence a large formation of true 
pigment; and to this true pigment much of the dark 
colour of these lungs must undoubtedly be ascribed. The 
lungs of stone-masons and grinders are, like those of 
miners, deeply pigmented, although to a less degree, but 
the black colour in the former cases cannot be entirely 
accounted for on the supposition that it is due to the pre- 
sence of inhaled particles. 

Pigmentation of the lungs from the presence of hcema- 
toidin occurs as the result of many other morbid condi- 
tions, many diseases of these organs being attended by 
the formation of pigment. In chronic phthisis, pigmen- 
tation occurs, partly as the result of the infiammatory 
process, and partly from the obstruction of the vessels 
caused by the new growth: — lines of pigment are con- 

FiG. 22. 




Cells from the sputum of acute Bronchitis, Showing 
the minute granules of pigment within the cells. 
Some of the cells also contain a few fatty mole- 
cules. X 400. 

stantly seen surrounding t\ie nodxA^^ oi consolidation. 
la aoate croupous pneumonia, t\ie \>V.oo^"v\i\Oa. Sa ^t^s^ 
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' vasated into the air-vesicles, andwhicli in the early stages 
gives to the expectoration a msty or pmne-joice colour, 
subsequently becomes converted into pigment, and the 
sputum becomes of a greyish-black ; the pigment granules 
being visible in the newly-formed cells. The cells met 
with in the sputum of bronchitis also contain granules of 
pigment (Fig. 22) ; and pigmentation plays an important 
part in the condition of the lungs known as brown indura- 
tion. (See " Brown Induration of the Lungs.") 

Pigment in the lung usually occurs as black irregular 
granules; it is rarely met with in a crystalline form. In 
all cases in which it is found in any quantity in the lung, 
it is also found in the bronchial glands. It is taken up 

'by the lymphatics and, like the inhaled carbon, it becomes 
arrested in its passage through these glands, where it 
remains permanently. 



CHAPTER X. 

NUTRITION INCREASED. 

The morbid changes thus far described, have been attended 
either by a/irest or by vm/pairment of nutrition; — ^those 
remain to be considered in which the nutritive activity is 
increased. They include Hypertrophy and the New 
Formations. 

HYPEKTROPHY. 

Hypertrophy is an increase in the amount of a tissue, 
resulting from an increase in its functional activity. The 
increased functional activity, and the consequent hyper- 
trophy, are in most cases conservative in their nature, 
being induced by some necessity for an increased manifes- 
tation of the functions of the tissue; in muscle, for 
example, in order to overcome some obstruction; in a 
secreting organ, to secrete more fluid. 

It is in muscular tissue that hypertrophy is most fre- 
quently met with. Examples of it are furnished by the 
hypertrophy of the muscles of the calf in ballet dancers ; 
also by the hypertrophy of a hollow viscus from obstruc- 
tion to the exit of its contents — as of the heart from ob- 
struction at the valvular orifices, or in the course of the 
circulation, of the muscular coat of the stomach in stric- 
ture of the pylorus, of the intestine above a permanent 
stricture, and of the bladder in stricture of the urethra. 
The kidney also may become hypertrophied, owing to the 
loss or incapacity of its feUow. In bone, hypertrophy of 
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the fibula has been observed in cases of disease, or of nn- 
nnited fracture of the tibia. In all these cases the neces- 
sity for increased activity leads to increased development. 

The term " hypertrophy " is frequently applied to those 
enlargements oi organs which result from long-continued 
irritation, or from other unknown causes ; as to enlarge- 
ments of the lymphatic glands, of the tonsils, the thymus, 
and of the prostate gland. Such growths, however, are 
some of them inflammatory in their nature, others come 
more properly within the category of « tumours." It is 
better, in order to avoid confusion, to limit the use of the 
term " hypertrophy " to those conservative growths which 
result from increased functional activity of the tissue. 

The increase in the amount of the tissue may be owing 
simply to an increase in the size of the elements of which 
it is composed: it is then termed simjple hypertrophy. 
The process, however, is usually more complex, the in- 
creased nutritive activity of the elements which leads to 
an increase in their size, leads also to an increase in their 
number, and to the formation of a new tissue, which is 
similar to that from which it originated : — ^this is termed 
mjmierical hypertrophy, or hyperplasia. The two forms of 
hypertrophy are thus comparable with the two forms of 
atrophy: — ^in simple hypertrophy as in simple atrophy, 
there is merely an alteration in the size ; in numerical — an 
alteration in the number of the elements. 



CHAPTER XI. 

THE NEW FORMATIONS. 

Increased imtritive activity of a tissue — as has been seen 
in the preceding chapter — ^leads not only to the enlarge- 
ment of its component elements, but also to the production 
of new ones. It is this production of new elements, and 
the various structures to which they give rise, that con- 
stitutes the New Formations. 

The New Formations comprise both mflammatory and 
non-inflamnmatory growths. Of these, the latter — which 
include the various kinds of tumours, together with some 
growths to which the term " tumour '* is not strictly ap- 
plicable — will be considered in the present part of this 
work, whereas the inflammatory growths will be treated 
of in the chapters on " Inflammation." 

Tumour 8 1 — which constitute the greater portion of the 
non-inflammatory formations— are growths which, having 
attained a certain size, either remain permanent, or, more 
frequently, tend continuously to increase. In their deve- 
lopment and growth they are characterized by their vnde- 
peftidence of the rest of the body ; they increase in size by 
virtue of their own inherent activity, which differs from, 
and is independent of, that of the surrounding tissues. 

There are, however, some non-inflammatory growths 

which cannot be regarded as " tumours " in the ordinary 

acceptation of that term. Amongst these are the nume. 

/v<?^/^y^^^r6|^^ie« described in the pieeeding chapter, and 

possibly some of the general li/yperplaslas oi >utL^ ^wras^iGss^ 
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tissue of oigans, as certain forms of cirrhosis. The cha- 
racteristics of syphilitic growths again, and of cancerous 
infiltrations of organs, differ in some respects from what 
have been above described as those of tumours. 

The inflammatory new formations differ from the non- 
inflammatory in b^g caused by some irritation, upon 
the removal of which the process of growth usually ceases. 
They are characterized by their instability ; they either 
rapidly undergo retrogressive changes, or, at the most, 
form a tissue which in its structure and life is similar to 
that from which they originated. Their tendency is gra- 
dually to approximate to a healthy condition, and, not 
like that of the Rumours, continuously to increase and 
deviate from the normal type. 

Whatever be the nature of the new formation it is always 
the direct product of the elements of a pre-existing tissue, 
these elements being in some cases migrated white blood- 
corpuscles. In order therefore to understand the patho- 
logy of the new formations, it is necessary to be intimately 
acquaioted with the histology and mode of development 
of the normal tissues. 

Etiology of the New Fobmations.* — As the new for- 
mations are the result of the increased nutritive activity 
of the elements from which they originate, it will be readily 
understood that their causes must for the most part be 
obscure, and that in many cases all that can be said is, 
that the new growth is the result of the sponta/neous acti- 
vity of the elements from which it springs. Sometimes, 
however, the causes are either wholly or partially ascer- 
tainable. They may be divided into constitutional predis- 
posi/ng, and direct exciting^ causes. 

Constitutional Predisposing Causes. — That many 
growths owe their origin to some constitutional taint, has 
long been an universally accepted pathological doctrine. 

• This, together with the remainder of the preaeiA. ci\i«i."^\.«t,^"V- 
pljee only to the non i^/tammatory gprowths. 
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The constitutioiial cause has frequently been r^arded as 
a general one, as consisting either in some alteration in 
the constitution of the blood, or in some abnormal condi- 
tion of the physiological processes thronghout the entire 
organism. It was formerly supposed that many new for- 
mations were the result of an exudation from the blood- 
vessels, and that the elements of the growth were produced 
spontaneously in the exuded structureless blastema. Such 
growths were looked upon as the local expression of a 
vitiated constitution of the blood, — a d/yscrdsia. Although 
this hypothesis is now universally abandoned, and all new 
formations are known to originate from pre-existing cellular 
elements, an alteration in the constitution of the blood or 
in the performance of the physiological processes through- 
out the body, is still regarded by many as playing an im- 
portant part in their causation. 

It is the malignant new formations which are thus 
supposed to owe their origin to the existence of a general 
constitutional taint. These growths are said to be of a 
constitutional origin, in contradistiaction to the non- 
malignant growths which are looked upon as purely local. 
This hypothesis is principally based upon the clinical 
characteristics of the malignant growths — their tendency 
to recur after removal, their multiplicity, and the difficulty 
or impossibility of completely eradicating them. 

It is said that the development of malignant growths 
is frequently preceded by an unhealthy state of the con- 
stitution — a cachexia. In the majority of cases of malig- 
nant formation, however, there is no evidence of any such 
cachexia preceding the local growth. The individual is 
usually in good health at the time of the occurrence of the 
primary tumour. The general impairment of nutrition and 
emaciation, which constitute the cachexia, are secondary 
to the local growths, and are in direct proportion to their 
extent and situation : — the more extended the local lesions, 
the greater the amount of diac\iaTgft, VJaa TXiOit^ ^Joa l^m- 
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phatics and tli'e digestive organs are involTed, the more 
marked is the attendant cachexia. 

The multiplicity of malignfint growths is also adduced 
as an argument in favour of the existence of a general 
constitutional taint. The fact that malignant growths 
are frequently multiple, constitutes in itself no ground 
for such a conclusion. The multiplicity is for the most 
part a secondary phenomenon, the secondary tumours 
resulting from infection by the primary one. Simple 
primary multiplicity is not so characteristic of maUgnant 
as of many other tumours — ^the lipomata, fibromata, se- 
baceous tumours, and warts, are all more often primarily 
multiple than cancer. Multiplicity in many cases is evi- 
dence rather of a local than of a general taint. In scro- 
fula, for example, the lymphatic glands generally are 
prone to become the seats of new growths, and tumours 
are often multiple in bone without occurring in other 
tissues. In such cases there would appear to be a local 
rather than a general cause. 

The recurrence of the malignant growth after removal 
at the seat of the operation, may again be owing to the 
removal having been incomplete, some of the proliferating 
elements or of the growth itself having been left behind. 
The cellular elements of malignant tumours often extend 
into the adjacent tissues for some distance beyond the 
confines of the tumour, and as the physical characters of 
the infiltrated tissues differ in no way from those of the 
healthy, there are no means of certainly determining how 
far wide of the tumour the incision must be carried in 
order to include the whole of the affected structures. (See 
"Malignancy.") A tendency to local recurrence is a 
property possessed by many growths, and it can be ex- 
plained on local grounds without the necessity of admitting 
the existence of a general taint. 

Lastly, the fact that malignant growtlaa ax^ u^T3ka)^ 
foUowed by the development of similar groYr\j\i& V^ ^^ 
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lymphatic glands and in internal organs, may in most 
cases be more readily explained — as will be seen when 
speaking of "malignancy" — ^by regarding these as the 
result of infection by the primary tumour, than by as- 
cribing them to the existence of a common constitutional 
cause. 

The reasons already adduced in a preceding chapter (see 
" Introduction**), for considering all changes in the con- 
stitution of the blood as secondary to local causes, would 
appear of themselves to be sufficient to render untenable 
the hypothesis of a primanry blood dyscrasis. Any ab- 
normal condition of the blood which may be associated 
with the development of malignant tumours must pro- 
bably be regarded as resulting either from the absorption 
of deleterious substances, from the entrance into it of the 
elements of the growth, from the drain of an attendant 
discharge, or from interference with the processes of di- 
gestion, assimilation, or secretion, or with the formation 
of the blood itself. At the same time it must be borne in 
mind, when discussing the possibility of the development 
of malignant growths being the result of a " blood- 
disease," that the emigration of white blood-corpuscles may 
play some part in the process. How far this is the case, 
as will be seen hereafter, we are at present unable to 
determine. We know that this emigration constitutes a 
prominent feature in the process of inflammation, and if 
future researches should show that it also occurs in the 
development of malignant new formations whilst in those 
which are non-malignant it is entirely wanting, it would 
go far towards rendering the existence of a malignant 
dyscrasia beyond dispute. In the present position of our 
knowledge, however, in which it is only probable that an 
emigration of leucocytes may play some part in the de- 
velopment of all new growths, both innocent and malig- 
nant, any argument in favour of the existence of a blood- 
dyscrasia as the cause of the development of the latter 
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based npon snoli considerations would be nnjustifiable. 
If an emigration of leucocytes does take place, it is more 
in accordance with facts and with the general history of 
malignant growths to suppose the existence of some pecu- 
liarity in the tissues into which the elements escape 
which determines their special development. 

Although there would thus appear to be no necessity 
to admit the existence of a general constitutional cause in 
order to explain the clinical characters which constitute 
malignancy, there can be no doubt that many growths, 
both innocent and malignant, have a constitutional 
origin. The possibility of the existence of such a consti- 
tutional cause must therefore be borne in mind in ac- 
counting for the development of secondary malignant 
growths, as although these may result from infection, 
they may also owe their origin to the same causes as 
those which induced the primary one. Whether the 
constitutional cause is a general one — consisting in 
some specific peculiarity of the entire organism, or 
whether it is local in its nature, and consists in some 
constitutional peculiarity of the tissues from which the 
new growths originate, some peculiarity which renders 
them more prone than other tissues to undergo abnormal 
development) is unknown; although the latter supposi- 
tion seems to be the more probable one. 

The influence of hereditary predisposition upon the oc- 
currence of many growths, appears to point to the existence 
of a heal, rather than to that of a general constitutional 
taint. In scrofula, for example, which is a markedly 
hereditary disease, the tendency of the lymphatic glands 
to undergo excessive development from very slight 
degrees of irritation, is probably to be regarded as owing 
*to a predisposition of the glands themselves, and not to 
any generql constitutional state. The same is probably 
true of many other constitutional tendencies. Nsevi, 
tumours of the skin, uterus, mammae, stomach, and of other 

h2 
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parts, are again all unquestionably sometimes hereditary ; 
and here also the tendency would appear to consist in a 
predisposition of the tissues themselves to become the 
seats of new formations. 

The tendency sometimes observed in 'pa/rticular tissues 
to generate new formations, points again to a local cause. 
The osseous system, for example, may be the seat of new 
growths — tumours occurring in nearly all the bones, and 
not being met with in other parts. Tumours may in the 
same way be multiple in other tissues. 

Direct Exciting Causes. — The existence of a direct ex- 
citing cause is more capable of demonstration than a con- 
stitutional one. It consists either in some direct irritation 
of a tissue, which is by this means stimulated to increased 
development, or in the migration or transmission of ele- 
ments from some primary growth, which by proliferating 
in the tissues in which they lodge constitute the centres 
of secondary formations. 

The direct irritation of a tissue may be owing to simple 
mechcmical or chemical, or to specific irritants. Simple 
mechanical or chemical irritation can, however, under no 
circumstances be the only cause of the development of the 
growUi. The effect of such irritations alone, is to cause an 
inflammatory formation ; in order for them to produce a 
non-inflammatory one — a tumour, there must be some 
special predisposition of the tissue itself : — the irritation 
can merely determine its development. The influence of 
simple irritation in the production of new formations is 
exemplified by the frequent occurrence of epithelioma on 
the lips of smokers, from the irritation of the pipe ; and 
on the penis and scrotum of chimney-sweepers, from the 
irritation of the soot (" chimney-sweep's cancer"). The 
numerous recorded instances of the development of a 
tumour following some external violence or injury, leave 
little doubt that these also sometimes stand to one 
another in the relation of cause and effect. Lastly, it is 
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those organs which are most exposed to irritation from 
external causes, as the stomach, the uterus, the mam- 
mary-gland, and the rectum, which are especially liable 
to become the seats of new growths. 

In other cases the irritant is sj^ecnfic, and induces 
specific changes in the tissues. It may either be intro- 
duced from without, or origiuate from some morbid pro- 
duct within the body. As to its nature — ^it is probably in 
most cases matter in a state of extremely fine division, 
and not in a state of solution. Such specific irritants can 
only act upon the tissues through the medium of the 
blood, lymph, or nutritive fluids. The dissemination of 
cancer and of other malignant growths is possibly thus 
partly owing to the transmission of particles of the 
growth, which cause the tissues with which they come in 
contact to generate similar formations. Here also, how- 
ever, there. may exist some special predisposition of the 
tissues themselves. 

The development of new formations from cellular 
elements which have either migrated or been conveyed 
from their original habitat, constitutes the most frequent 
and important mode by which secondary* malignant 
growths originate. The elements, which may either migrate 
spontaneously from the primary growth or be carried by 
the blood or lymph streams, proliferate in the tissue in 
which they lodge, and so develop into secondary forma- 
tions. It is possible also that by their mere contact with 
the adjacent elements, they may induce in these similar 
development. This mode of origin of new formations is 
exemplified by the history of many malignant growths, 
and by this means these are most frequently dissemi- 
nated. It will be more fully described when speaking of 
" Malignancy." 

Development. — ^In studying the development of the 
new formations, it is important, in the first place, to bear 
in mind what has been already stated — that they are in all 
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cases the direct product of pre-existmg ceUalar elements* 
In their development they also resemble the normal 
tissues : — every pathological growth has its physiological 
prototype. 

The elements from which new growths most frequently 
originate are those belonging to the convmon connective 
tissue, and to the blood-vessels and lymphatic system with 
which it is so intimately associated. By common con- 
nective tissue is meant that tissue which in all parts sur- 
rounds the blood-vessels, and is so universally distributed 
throughout the entire organism. This must be carefully 
distinguished from the formed connective substances- 
tendon, cartilage, bone, <&c. In this common connective 
tissue we distinguish two Hnds of ceUs— the stable cells 
(connective tissue corpuscles), and the mobile cells, which 
are probably wandering white blood-corpuscles. These 
cells are in intimate relation with the endothelium of the 
lymphatics, the latter vessels commencing as serous 
canals which are universally distributed in the tissue. 
Further, both the endothelium of the lymphatics and that 
of the blood-vessels closely resemble in their physiological 
functions the fixed cells of the connective tissue. 

In the process of development of new growths from this 
common connective tissue, the part which is played by 
the different cellular elements cannot in our present state 
of knowledge be certainly stated. It is, however, in 
the highest degree probable that it is the mobile cells 
which are principally concerned. These cells are the 
most active, and consequently the most capable of multi- 
plying by division. It is equally probable that the 
number of these mobile cells is materially increased by 
an abundant emigration of white blood-corpuscles from 
the vessels. Respecting the fixed connective tissue cells 
and the endothelium of the blood-vessels and lympha- 
tios — it must be admitted that these, although inferior 
la their formatire powers, also ■aiid.er^o «ift\lYSf^ ^^Ka%^'9^ 
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and divide, and thus increase tlie number of the newly- 
formed elements. In all cases the division and multipli- 
cation of the cells is accompanied by an increase of their 
protoplasm; and in those which contain nuclei, the 
division of the nucleus usually precedes that of the cell 
(see " Genesis of Cells"). 

Whatever be the part played by the respective elements 
in the process of development of the new growth, the first 
result of their combined activity is to produce a new 
tissue, composed of innumerable small roundish- shaped 
cells, from y^so ^ as^oo ^^ ^^ ^^^ i^ diameter, often en- 
closing a large, round, ill-defined nucleus, which usually 
only becomes visible after the addition of water or of acetic 
acid. These cellsi which are usually known as indifferent 
cells, possess no limiting membrane, but consist of Httle 
masses of protoplasm which are almost in close contact 
with one another. (Fig. 23.) They are indistinguishable 
from the cells of a granulation, and from many of those 
met with in the rapidly-growing 
connective tissue of the embryo. Fig. 23. 

In some cases the protoplasm ^ 

continues to increase and the nu- . a ^9 » 
clei to divide without any subse- J^ ^ 

quent division of the cell taking i> •^ tlft'^^^^A 
place, and thus are produced large ^ ^ k^^9%^ ^ 
irregular-shaped masses of proto- ^ ^^^^♦S^f 

plasm containing numerous nu- # tf ^"S^a 

clei. These are the giant or mye- 
loid cells which are met with in Embryonic {''Indiffe- 
the medulla of young boue and ^^ ^fTsJ^Z^ 
in many sarcomatous tumours Tumour, x 350. 
(see " Myeloid Sarcoma," Fig. 29). 

Thus the first stage in the process of development con- 
sists in the formation of an embryonic tissue, and this 
embryonic tissue subsequently develops in^ \^^ Ns^aarofii 
of which the new growth is composed. It \a o^"Ol'yccl- 
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possible to determine ia this early stage of tlie growth 
what it will tdtimately become — ^whether a fibroma, a sar- 
coma, or an enchondroma, <&c. 

The second stage of the process consists in the develop- 
ment of this embryonic ("indifferent") tissue into the 
tissue of the permanent growth, and this subsequent 
development closely resembles that of the immature con- 
nective tissue of the embryo. As from the immature 
connective tissue of the embryo are developed various 
connective tissue substances — fibrous tissue, mucous 
tissue, cartilage, bone, &c. — so may this embryonic con- 
nective tissue which constitutes the earliest stage of so 
many of the pathological new formations, become developed 
into various tissues, all of which more or less resemble 
the several varieties of the physiological connective 
tissues. The whole of the primary cells may form the 
same kind of tissue, in which case the growth will possess 
the same characters throughout ; or it may be complex, 
some cells forming one kind of tissue and some another. A 
combination of two or more kinds of structure may thus 
be met with in the same tumour — as a combination of 
sarcoma and lipoma, of enchondroma and myxoma, 
and so on. What determines the ultimate development 
of the young cells, why they produce such various forms 
of growths, is as far from our knowledge as what deter- 
mines the ultimate destination of the cells in the embryo. 

Next to common connective tissue, the epithelia, surface 
and glandular, are the elements from which new forma^ 
tions most frequently originate ; and as from connective 
tissue are produced growths of the connective tissue type, 
so do the growths originating from the epithelia resemble 
epithelium. Respecting the mode by which new growths 
are developed from epithelium — wbether they are solely 
the offspring of pre-existing epithelial elements — we are 
unable to speak with certamty. T\va asvswer to this ques- 
tion must await a more certain \TiQr«\e^%<b ^'l \hxa^^\s^ 
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whicli the epithelial RtmcttireB normanj grow and repair 
themselves. It appears probable that the normal produc- 
tion of epithelinm is not entirely the result of the multi- 
plication of epithelial cells, bnt that the mobile cells of 
the connective tissue by contact with epithelial elements 
may become developed into epithelinm. It must, conse- 
quently, be admitted, at all events as equally probable, 
that pathological new formations which originate in con- 
nexion with epitheUum may be in part the product of 
mobile elements belonging to the connective tissue. 

From the remaining tissues, in/uscle and nerve, the 
development of new growths is comparatively rare, and 
in nerve-tissue it is even doubtful if formative processes 
ever occur. 

According to the similarity or difference which subsists 
between the new growth and the tissue from which it 
grows, new formations are divisible into two classes — 
homologous and heterologous. When the growth re- 
sembles in its structure and development the tissue from 
which it originates, it is said to be homologous ; when it 
differs it is said to be heterologous. A cartilaginous tu- 
mour, for example, growing from cartilage, is homologous, 
but growing from any other tissue, as from the • parotid 
gland, it is heterologous. The same variety of tumour 
may thus be in one case homologous, in another hetero- 
logous. A purely homologous growth is therefore simply 
a hyperplasia — an excessive growth of a tissue in some 
particular part; any deviation from the type of the 
parent tissue constitutes heterology. 

Heterology, however, is not limited to the production 
of a tissue which is dissimilar from that from which it 
originates; a growth is also said to be * heterologous 
when it differs from the tissue in which it is situated, . 
and this may occur without its being the direct product 
of the latter. It is heterology in this sense tlDia.^* \a ^o 
eharacterisidc of the cancers. These, wloick orv^oaaX^ 
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from epithelium, becomid heterologous owing to the growth 
and extension of the epithelium beyond its normal limits 
(see " Epithelioma**). The same form of heterology ob- 
tains in the case of growths originating from elements 
which have migrated or been carried from their original 
habitat, and have developed into a tissue which differs 
from that in which they are situated. 

Heterology is often an evidence of malignancy. Many 
heterologous growths, however, are not malignant; slight 
deviations from the normal type are no evidence of 
malignancy. A purely homologous growth is never 
malignant. A growth primarily homologous may subse- 
quently become heterologous; this is often seen when 
a long-standing innocent tumour suddenly exhibits ma- 
lignant characters. A knowledge of the homology or 
heterology of a growth is therefore an important element 
in the determination of its innocent or malignant nature. 

Eelation op the Growth to the surrounding 
Tissues. — The relation of the tumour to the surrounding 
structures will depend upon its mode of growth. Growth 
may take place simply by the continuous proliferation of 
the cells of which the tumour is composed. In this case 
it will merely displace the surrounding parts, and having 
attained a certain degree of development, a fibrous 
capsule is often formed around it, by which it becomes 
completely isolated. The lipomata, fibromata, and en- 
chondromata are usually thus encapsuled. In other 
cases, growth takes place also at the circumference, 
by the continuous proliferation of the parent tissue. 
There is then no line of demarcation between the tumour 
and the matrix from which it grows, so that although 
to the naked feye it may appear separate, the microscope 
wiU discover in the adjacent tissues elements of the new 
growth. This is very common in the sarcomata and in 
the cancerB, and is a common cause of local recurrence 
after removal. Lastly, tloie t\mioT« ma.-^ Vact^^^fc t^ssN* 
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only by the proliferation of its matrix, but also by in- 
vading otber structtires lathis occurs in those growths 
which are the most malignant (see " Malignancy"). 

Retbogbjessive Changes. — The development of the 
growth being complete, it becomes sooner or later the 
seat of retrogressive changes. The time at which these 
commence, varies : — as a rale the permanence and dura- 
bility of a tumour bear an inverse relation to the 
rapidity of its growth, and to the inferiority of its orga- 
nization. The more rapid the growth, and the more lowly 
organized the tissue formed, the less its durability and 
the sooner do retrogressive changes occur. The cancers 
and sarcomata, for example, which develope rapidly and 
consist for the most part of cells, quickly degenerate; 
their elements are unstable and soon perish. Osseous 
tumours, on the other hand, which develop more slowly, 
and consist of a more highly organized tissue, have a 
much greater stability, and are but little liable to retro- 
gressive metamorphosis. 

The retrogressive changes are similar to those met 
with in the physiological tissues. Impairment of vita- 
lity is followed by fatty degeneration and its various 
terminations —softening, caseation, and calcification. 
Pigmentary, colloid, and mucoid degeneration may also 
occur. New formations may also become the seats of an 
inflammatory process. 

Malignancy. — By "malignancy" is understood the 
property possessed by many tumours of reproducing 
themselves either locally after removal, or in distant 
tissues. It is important not to confound the terms 
"malignancy" and "cancerous." "Malignancy" is a 
purely clinical term, and although in a high degree the 
property of the cancers, is by no means confined to 
them ; the sarcomata, for example, being in many cases 
equally, or even more malignant. The term " cauceTj' 
on the other hand, ia used to imply a de^m\je «\»T\xa\.\«^% 
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and as sncli is appHed to a certain class of new for- 
mations. 

The malignant properties of a tnmonr may manifest 
themselves either in the tissues immediately adjacent to 
it or in its neighbourhood, in the nearest chain of 
lymphatic glands, or in more distant parts. Some 
growths possess these properties in a higher degree than 
others, so that there are different degrees of malignancy. 
In many cases the malignancy of a tumour is so far 
limited that it gives rise merely to a local reproduction 
after removal. Such tumours have been separately 
classified by many surgeons as " recurrent " tumours. 
In other growths this tendency to local reproduction is 
associated with the development of similar growths in 
the nearest lymphatic glands ; whilst in a third class of . 
cases, to one or both of these conditions is added the 
reproduction of the growth in more distant tissues, 
especially in the lungs and liver. It will be advisable to 
treat of these three degrees of malignancy separately. 

1. Reproduction of the Growth in the Adjacent Struc- 
tures. — This is usually the earliest evidence of malignancy 
in a growth, and gives rise to its persistent recurrence 
m loco after removal by the surgeon. This tendency 
to the local reproduction of the tumour is principally 
owing to its mode of growth. The cellular elements of 
the tumour extend for some distance into the surround- 
ing tissues, so that unless in the operation for its removal 
the incision be carried for some distance beyond the 
apparent confines of the growth, some of the elements 
may be left behind and thus constitute the centres of 
secondary formations. Such tumours therefore are not 
usually encapsuled, but extend by peripheral growth. 
In some cases, however, tumours which possess a dis- 
tinct capsule may in the same way infiltrate the sur- 
rounding structures. The infiltration of the adjacent 
tissues by the elements of the tumour sometimes gives 
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rise, not only to the continnoas enlargement of the pri- 
mary growth, bnt also to the development of separate 
sepondarj growths in the immediate vicinity of the 
primary one. Whilst it mnst be admitted that the re- 
production of a malignant tnmonr in the adjacent tissues 
is thus in most cases to be ascribed to the infiltration of 
the latter with its cellular elements, it is possible that 
the nutrient fluids of the tumour may by their influence 
upon the surrounding tissues be in part the cause of the 
abnormal development. 

2. Beprodtoctuyn of the Growth in the nearest Lym- 
phatic Glands, — This is owing to the transmission by the 
lymph-stream of substances (probably cellular elements) 
derived from the malignant growth, which become arrested 
in the nearest lymphatic glands, and there cause the 
development of secondary formations. These are in all 
cases of the same nature as the primary tumour. When 
the lymphatic glands have themselves developed into 
secondary growths, they in their turn constitute new 
centres of infection, and may thus infect more distant 
glands or the immediately adjacent tissues. The ten- 
dency to reproduction in the lymphatic glands varies 
very much in the different varieties of malignant 
growths, being, for example, very marked in the cancers, 
whereas in the sarcomata it is comparatively rare. The 
reasons for these differences will be seen in the subse- 
quent chapters. 

3. Reproduction of the Growth in Distant Tissues, — 
This is usually the terminal process in the history of 
malignant growths. The reproduction of the malignant 
growth in distant tissues is in the great majority of cases 
owing to the entry of its elements into the blood-stream. 
The secondary growths, as in the lymphatic glands, are 
in all cases of the same nature as the primary tumour. 
They occur as a rule in those organs through which the 
blood from the primary tumour first passes — ^that is, in 
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those organs which present the first set of capillaries for 
the arrest of the transmitted materials. In malignant 
diseases of those organs, for example, which return their 
blood through the portal vein, as the stomach and 
mesenteric glands, it is the liver in which the secondaiy 
growths nsnally first occur, and when this has become 
involved, it may constitute a secondary centre of infec- 
tion and in the same way cause tertiary growths in the 
lungs. Although this sequence is the rule, there are 
numerous exceptions. In some cases the organs which 
are nearest in the course of the circulation to the pri- 
mary growth escape, whilst those more distant become 
affected. This may be owing to one organ being more 
predisposed to the influence of the infecting materials 
than another ; or to the capillaries of the proximal organ 
allowing particles to pass through them, whereas those 
of the more distant one are small enough to arrest them. 
Lastly, it must be borne in mind, that the secondary 
growths may be entirely independent of the primary one, 
their origin being due to the same cause. 

Although the general dissemination of a malignant 
growth is thus in most cases owing to the transmission 
of its elements by the blood-stream, this is not the only 
way in which it may be brought about. Exceptional 
cases have been described in which the elements of a 
tumour have been distributed and caused secondary 
growths in other ways — as by passing down the trachea, 
between the layers of the peritoneum, &c. 

The evidences of malignancy in a growth thus con- 
sist — in its invasion of the surrounding structures, the 
implication of the neighbouring lymphatics, and the 
occurrence of similar growths in internal organs. As a 
general rule it may be stated that the more juice a 
growth contains, and the richer it is in blood-vessels and 
lymphatics, the more quickly will it infect the lymphatic 
glands^ and internal organs; on the other hand, the 
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poorer it is in blood-yessels and lymphatics, tbe more 
are its infecting properties confined to .the neighbouring 
tissnes. 

The determination of the innocent or malignant nature 
of any growth will principally depend npon its micro- 
scopical characters, and, as will be seen when considering 
the varioas kinds of tnmonrs, the differences which exist 
in their clinical characters are in great measure to be 
explained by differences in their position, minute struc- 
ture, and mode of growth. Many varieties of new for- 
mations are invariably malignant, as the cancers and 
sarcomata; hence any growth which from its minute 
structure must be included under these heads, must be 
regarded as being of a maUgnant nature. 

Classification. — New formations may be classified 
upon an anatomical, a physiological, or a clinical basis. 
Although a physiological and clinical classification are 
much to be desired, in the present state of our knowledge 
they must be very incomplete. A classification of the 
new formations according to their histological characters 
is consequently here adopted. Such a classification may 
be most advantageously made in accordance with the 
classification of the physiological tissues : — 
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Classipication op the New Formations. 
Type of the Connective Tissues, 



Type of embryonic connee- ) „ 
'"^ ^. .. > Sarcoma, 

tive tissue ... J 

fibrous tissue 

mucous tissue 

adipose tissue 

cartilage . . 

bone . . . 



7? 



« 



11 



« 



7? 



« 



Fibroma 

Myxoma. 

Lipoma. 

Enchondroma. 

Osteoma. 



lymphatic tissue . The Lymphomata - 



Simple 

Lymphoma. 
Lymphadenomfl 
.Leukffimia. 



Type of the Epithelial Tissues. 



Papilloma. 
Adenoma. 



The Carcinomata - 



' Scirrhus. 
Encephaloid. 



Colloid. 
(Epithelioma. 



Type of the Higher Tissues. 

Type of muscle Myoma. 

„ nerve . Neuroma. 

„ blood-vessels Angioma. 



CHAPTER XII. 

THE SARCOMATA. . 

The sarcomata are tumours consisting of embryonic con- 
nective tissue. Of these there are several varieties, 
depending upon the size and configuration of the cells, 
and the nature of the intercellular substance. They in- 
clude what have generally been known in this country as 
fibro-plastic, fibro-nucleated, recurrent-fibroid, and m/yehid 
tumours. 

Connective tissue in its embryonic condition is an im- 
mature tissue in a state of rapid development. In its 
most immature state it differs from the fully developed 
tissue in consisting almost entirely of small round cells, 
whilst its intercellular substance, instead of being fibrous, 
is soft and amorphous. This is the common condition of 
connective tissue in the primary stages of all rapid for- 
mative processes, as already described when speaking of 
it as the tissue from which many tumours of the con- 
nective-tissue class originate (see " Development of New 
Formations"). 

In the process of development of this embryonic into 
mature connective tissue, the cells diminish in number, 
many of them assume a spindle shape, and the inter- 
cellular substance fibrillates. Similar changes are seen 
in inflammatory conditions of connective tissue. Here 
also many of the small round cells which constitute the 
" granulation-tissue" become spindle cells, and the granu- 

I 
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lation tissue ultimately develops into the fibrous tissue of 
the cicatrix. In the sarcomata, however, the connective 
tissue retains the embryonic state throughout its growth ; 
there is a progressive formation of embryonic tissue ; and 
although the small round cells commonly reach a higher 
stage of development and become spindle-shaped, de- 
velopment rarely proceeds to the formation of a com- 
pletely fibrillated structure. 

Structure. — The sarcomata may thus be defined as 
tumours consisting of connective tissue which throughout 
its growth retains the embryonic type. The cells, which 
constitute nearly the whole of the growth, consist for the 
most part of masses of nucleated protoplasm, and rarely 
possess a distinct limiting membrane. They present 
many variations in size and form; as a rule, however, 
they preserve the same general characters in the same 
tumour. There are three principal varieties — the round, 
the fusiform, and the myeloid cells. 

The round cells are many of them indistinguishable 
from lymphatic cells or white blood-corpuscles. Others 
are somewhat larger and contain an indistinct nudens 
with one or more bright nuoleoli : these more closely re- 
semble the cells of a grannla- 
F^<^-24. tion. 

^>s==^ The fusiform, or spindU'Shaped 

cells, are the so-called "fibro- 

^v^^ plastic cells" (Fig. 24.). They are 

m ^\ long narrow cells, terminating at 

~j^ \ each end in a fine prolongation. 

Some of them may be broader, 

approaching the epithelial type; 

others more or less stellate. They 

are sometimes slightly granular, 

and they enclose a long oval nil* 

cleus, with or without nudeoH 

In size they vary considerably. 




Cells from a Spindle-celled 
Sarcoma, x 200. 
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These cells represent a hip^her st&te of development 
than the round cells, resembling those met with in 
embjyonic tissue which is in the process of forming 
mature connective tissue. (See Fig. 63 B.) 

The myeloid, or mother cells, are much larger than 
either of the preceding, and are analogous to the cells 
met with in the medulla of foetal bone. (See Fig. 29.) 
They are large irregular- shaped masses of nucleated pro- 
toplasm, for the most part more or less spherical, and 
often possessing numerous offshoots. They are finely 
granular, and contain several round or roundly-oval 
nuclei, each with one or more bright nucleoli. The nuclei 
may be exceedingly numerous, one cell containing as many 
as thirty. Both the cells and nuclei vary considerably in 
size. 

An intercellular substance exists in all the sarcomata, 
although it is usually very small in quantity, the cells 
lying in nearly close apposition. It may be perfectly 
fluid and homogeneous, or firmer and granular, or more or 
less fibriUated. Chemically it yields albumen, gelatin, or 
mucin. 

The blood-vessels are very numerous, and are either in 
direct contact with the cells, or separated from them by 
a little fibrillated tissue. Their distribution is very irre- 
gular, and their walls often consist of embryonic tissue 
similar to that of the growth which they supply ; hence 
the frequency with which rupture and extravasation of 
blood take place. 

Development. — The sarcomata always originate from 
connective tissue — either from the subcutaneous, the sub- 
mucous, or the subserous tissues, the fasciae, the con- 
nective tissue of organs, the periosteum, or the medullary 
tissue of bones. Their growth may take place in two 
ways, by the multiplication of their own elements— centra Z 
growth, and by the continuous invasion of their matrix — 
peripheral growth. A peripheral growth is the great 

i2 
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cbaraoteristic of the sarcomata ; they nsnally increase bj 
the continnons invasion of their connective-tissue matrix, 
so that no line of demarcation exists between the. two. 
They frequently also invade other tissues, the elements 
of the growth extending for some distance into the sur- 
rounding structures. This infiltrating tendency of the 
sarcomata varies considerably in the different varieties, 
being much more marked in the round-celled than in the 
spindle-celled and myeloid growths. A purely central 
growth is less common. A sarcomatous tumour, however, 
often becomes encapsuled and growth takes place within 
the capsule ; but even in this case the capsule is sometimes 
merely that of the part within which the growth originates, 
as the periosteum, or the capsule of a lymphatic gland. 

Secondary Changes. — ^The most important of these is 
fatty degeneration. This always occurs to a greater or 
less extent in the older portions of the growth, causing 
softening, caseation, or the production of cyst-like cavi- 

. ties. It is frequently associated with destruction of the 
blood-vessels and haemorrhage : the latter may give rise 
to pigmentation, and the formation of sanguineous cysts. 
Calcification, ossification, and mucoid degeneration are 
less common. The occurrence of calcification, ossification, 
and pigmentation is influenced by the predisposition of 
the matrix from which the growth is produced: — thus 
calcification and ossification are more prone to occur in 
tumours originating in connexion with bone, pigmenta- 
tion in those originating from the cutis or eyeball. 

Varieties. — Although all the sarcomata possess the 
same general characters, they present many histological 
and clinical differences which may serve as bases for 
their classification. The occurrence of the various secon- 
dary changes — ossification, pigmentation, mucoid degene- 
ration, and the formation of cysts, impart their respective 
characters to the growth*, hence o^tzoid-sarcoma, melor 

nnfte-sarcoma, and c2/8tic-8arcoma,\i^aNft\ift«a.^«aRrc^^^ 
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distinct varieties. This is to a certain extent justifiable, 
inasmncli as sarcomata which have undergone these trans- 
formations, in many cases possess the property of repro- 
ducing the same characters when they occur secondarily 
in other parts. Then, again, sarcomatous tumours are 
sometimes complex in their structure, and are associated 
with other tissues belonging to the connective-tissue 
group. A combination of sarcoma with fatty, cartilagi- 
nous, and osseous tissue, is thus not uncommonly met 
with. This is owing to the embryonic tissue exhibiting 
a tendency to develop into the different varieties of con- 
nective tissue. (See " The New Formations.'*) The fol- 
lowing histological classification, based upon the three 
different forms of cells already described, is perhaps the 
most convenient. It must, however, be borne in mind, 
that all the varieties of cells may be found in the same 
tumour, although the majority are usually of the same 
type; hence, the majority will determine the class to 
which the growth belongs. 

SPINDLE-CELLED SARCOMA. 

This, which includes the growths long known in this 
country as " fibro-plastic,"' " recurrent fibroid," &c., is the 
most common of all the sarcomata. It is more closely 
allied to the fibromata than are the other varieties of sar- 
coma, inasmuch as it consists of a tissue which must be 
regarded as occupying an intermediate place between 
embryonic and fully-developed connective tissue. It 
consists of spindle-shaped and fusiform cells, varying 
considerably in size, and nearly in close contact, there 
being very little intercellular substance. (Fig. 25.) The 
cells, which contain well-marked oval nuclei, are parallel 
to one another, and are arranged in bundles which pass 
in all directions .through the growth, so that ou ^wMvycL*"^ 
presentB a Bomewhat iksciculated appearcoifie. I31 ^ta^ 
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parts there may be partiaJ fibnllation Tte epindle- 
celled sarcom&ta grow from the penoeteum, the iaadte. 




* I 

SptBdit-edlfd Sitrarma. To the left — the 
cells hftve been sepaniled bj tesBing bo ttuit 
tbeir mdividual farms are apparent to tbe 
right — they are in their natni^ Htato nf appo 
ntiOB anch as would be seen la a tbm sec- 

and from oonnectiye tiasne in. other parts. They are often 
encapsuled, much more frequently so than the round-celled 
growths, but they usually extend by peripheral growth, 
and sometimes infiltrate the surrounding structures. 

Mblanotic SiKCOMi. — This is a variety of sarcoma in 
which many of the cells contain grannies of dark -coloured 
pigment. By far the greater number of melanotic tn mours 
are sarcomata, and most of the growths which were 
formerly described as " melanotic cancers," belong in rea- 
lity to this class of new formations. Not only are these 
melanotic tumours most frequently sarcomata, but the 
majority of them consist of spindle-shaped cella — hence 
they are described in the present section. 

The melanotic sarcomata originate principally is two 

situations — in the choroid coat of the eye, and in the 

aaperScial inf^guments. In \)oAli oi ttieae situations 

pigmeat is a normal conetituent oS ftia ^ifiewfta, tt:tA. ■Qma 
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tendetu^ of atractures normally contaming pigment to 
originate melanotic growths, is exceedingly cbaracteriatic. 
(See " Pigmentary Degeneration.") These tnmonra 
naaally consist of apindle- shaped cells, although in some 
cases the prevailing type of their elements is round or 
oval. (Fig. 2d.) The pigment, which gives to them their 
distinctive characters, consists of grannies of a brownish 







A MelanoHc Sarcoma qfthe FenS*. 
A.— A thin section, ehowitig the geaersl arrengement of 

the elements, a SUO. 
B. — A ^cUou from llie peripberal part of the growth, 

showine the "iodifierent cellB," uaongst which 

ore BiD^) isolated pigmented elemeata. At a, a 

blood-vessel Is seen, x 200. 
C— Some of the elements Bsparaled b; teasing. In IlieBe 

the pigmeLt-graDules are well aeea. » 400. 

or dark sepia colour, which are distributed within the 
cells. (Fig. 26 c) Frequently, only a very small pro- 
portion of the cells are pigmented, whilst in other 
vtbep^^entatioaia much more xaa-v^fia^-i'vo.^ 
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eaaea, however, a, large number of the elementa will lie 
foacd to be quite free from pigment. 

These melanotic turn ours are amoiigat the moHt malig- 
nant of the aarcomatouB growths. They reproduce 
themBelvea often very rapidly in distant tisauea, and in 
doing BO, although they almost inrariably maintain their 
melanotic characters, the degree of the pigmentation of 
the eecondary tumours varies considerably; whilst many 
of them may be perfectly hlack in colour, others may be 
mnoh paler, and perhaps only partially streaked with 
pigment. The secondary growths may occur in almost 
every organ of the body — tte hver, the Hpleen, the kidneys, 
the lungs, the heart, and elao the lymphatic glands and 
subcutaueoUB tissue, may all be simultaneonaly involved. 
The author has observed, that when oocurring in internal 
organs, the pigmentation is not always limited to the 
secondary nodnles, hut that many of the ceUa proper to 
the organ itself are filled with grannies -of similar pig- 
ment, which is most abnndunt in those cells which are 
immediately adjacent to the new growth. Thia pigmen- 
tation of the cells of the organ often extends for i 
distance beyond the confinea of the tumonr. 
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romqH 



Hmoul-celled Sorenma 



Thia is of aofter conaif 
than the preceding, and from 
frequent resemblance in physii 
characters to cncephaloid, is some- 
tiiaes known as " medullary," 
" encephaloid," or " soft " aaroo- 
ma. Histologically, it ie elemen- 
tary embryonic tisane, consisting 
of the round cella already de- 
scribed, embedded 
and nsually aoft, homogeni 
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or finely granular intercellular snbstance. (Fig. 27.) The 
cells usnallj resemble those met with in the most elemen* 
tary embryonic tissue ; less frequently, they are larger, 
and contain large round or oval nuclei, with bright nu- 
deolL There is an almost complete absence of fusiform 
cells, and of the partial fibrillation which is so frequent 
in the more highly developed spindle-celled variety. 

The round-celled sarcomata are of a uniform soft brain* 
like consistence, and of a somewhat translucent grejrish 
or reddish-white colour. On scraping the cut surface, 
they yield a juice which is rich in cells. They are exceed- 
ingly vascular, the vessels often being dilated and varicose, 
and firom their liability to rupture, they frequently give 
rise to ecchymoses and to the formation of sanguineous 
cysts. They grow from the cutis, the subcutaneous 
cellular tissue, the periosteum, the fasciaa, and from the 
connective tissue of organs. They extend rapidly by 
peripheral growth, and infiltrate the surrounding 
structures. From their clinical and physical characters, 
these tumours are very liable to be confounded with en- 
cephaloid cancer : — they are distinguished by the absence 
of an alveolar stroma, and by the uniformity in the 
character of their cells. 

Glioma. — ^This is a variety of round-celled sarcoma 
growing from the neuroglia or connective tissue of nerve. 
It consists of very small round cells, 
embedded in an exceedingly scanty, ^i^* 28. 

homogeneous, granular, or slightly 
fibrillated intercellular substance. 
(Fig. 28.) Some of the cells may pos- 
sess fine prolongations which, by com- ''•^^^^^S' 
municating with one another, form a Qiicynuu A thin 

somewhat reticulated structure. These section of a glioma 
. • jt. j r-j. of the cerebellum, 

tumpurs occur m the grey and white ^ 200. 

substance of the brain, in the cranial 

nerves, and in the retina. The retina is much their most 
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frequent seat. They usually commence here as a mumte 
nodnle, wliich may gradually increase until it projects 
as a large fungating tumour from the orbit. They are 
not encapsuled, and although they may infiltrate the tis- 
sues in which they lie and cause secondary growths in 
their vicinity, they very rarely reproduce themselves in 
the lymphatic glands or in internal organs. Glioma is 
almost exclusively a disease of childhood. 

MYELOID SATICOIMA. 

This, which is the well-known myeloid tumour, is 
closely allied to the spindle- celled growths. It possesses, 
however, certain histological peculiarities depending upon 
the characters of the tissue from which it grows. Myeloid 
tumours always occur in connexion with bone, and fre- 
queritly originate in the medullary cavity. They consist 
of the large, many-nucleated cells already described as 
" myeloid cells," — which resemble the cells of the medulla 
in a state of excessive nutritive activity-^together with 
numerous fusiform cells like those met with in the 
spindle-celled varieties, There are also some smaller 
round and oval elements. The large myeloid cells, which 
give to these tumours their distinctive character, are 
usually much more numerous in those growths which 
originate in the medullary cavity than in those which 
spring from the periosteum. These various forms of cells 
are nearly in close contact, there being very little inter- 
cellular substance. (Fig. 29.) 

Myeloid tumours always grow in connexion with bone, 
the heads of the long bones being their favourite seat. 
They are also very frequently met with springing from 
the periosteum of the upper and lower jaws, where they 
are usually known as epulis. When originating within 
the medullary cavity, the compact tissue of the bone 
becomes expanded over them, an^ V^ie^ \}ia»a ol^-tL ^^.m- 
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monicate on palpation the pecnliar sensation known aa 
" egg-ahell crackling." In gome cases they are eioeediuglj 
vascnlar and give rise to distinct pnlsation, and even to 
the generation of an anennsmal murmnr this is moat 
frequent in those of the loner eitremitj These tnmoars. 

Tig 29 



J 





(Virchow.) 



of firmer consistence than the other Tarieties of 
; jnany of them are firm and fleshy, others are 
er, more resembling size-gelatin. They are niA '^^'^'^ 
gramoua like the soft sarcomata., neiftwr ifi 'i!a«^ 
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present the fasciculated appearance of the spincUe-oeUed 
varieties. Their cat surface has an uniform succulent 
appearance, often mottled with patches of red. They are 
often encapsuled by the periosteal covering of the bone 
from which they grow. 

Clinical Chabactees op the Sarcomata. — The sarco- 
mata occur most frequently in early and middle life, and 
they are amongst the most malignant of the new forma- 
tions. They are especially characterized by their great 
tendency to extend locally and to infiltrate the surround- 
ing structures, so that they are exceedingly prone to recur 
in loco after removal. They rarely infect the lymphatic 
glands, and in this respect present a marked contrast to 
the cancers. They are also very liable to become generally 
disseminated, although this is not usual in the earlier 
stages of the disease. The secondary growths occur most 
frequently in the lungs. The dissemination is effected by 
means of the blood, and this is owing to the thinness of 
the walls of their blood-vessels and to the immediate con- 
tact of these with the cells of the growth — conditions 
most favourable to the entrance of the cellular elements 
into the circulation. The dissemination of the sarcomata 
is, on this account, sometimes more rapid than that of 
the cancers. In the latter, extension in the early stage 
takes place principally by the lymphatics, and dissemina- 
tion by the blood only occurs in the later stages of the 
disease. The secondary sarcomata usually resemble the 
primary one, but in exceptional cases the several varieties 
may replace one another. 

These malignant characters are possessed by the dif- 
ferent varieties of sarcoma in different degrees. As a 
rule, the softer and more vascular the tumour, and the 
less its tendency to form a fully-developed tissue, the 
greater is its malignancy. The soft, round-celled varieties 
are thus usually much, more inaYigTi^ixA* >ij£iaja ^iJafc %a.\ssKt. 
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spindle-celled growths. Their infiltrating powers are 
much greater, they sometimes infect the lymphatic 
glands (which is exceedingly rare in the spindle-celled 
growths), and they tend to reproduce themselves very 
rapidly in internal organs. This is prohably partly owing 
to the small round cells being endowed with greater 
powers of spontaneous movement than the spindle-shaped 
and larger cells ; hence they more' readily make their way 
amongst the tissues and into the blood-vessels. Amongst 
the spindle-celled tumours the degree of malignancy varies 
considerably. As a rule largeness of the spindle elements 
and the existence in many of them of more than one 
nucleus, is an evidence of special malignancy. Then, 
again, 'the presence of a distinct capsule limiting the 
growth must be taken into account in judging of the 
degree of its malignancy. The myeloid growths are per- 
haps the least malignant, they may however also give rise 
to secondary growths in internal organs. 



CHAPTER Xin. 

THE FIBROMATA. 

Tub fibromata, fibrona, or conneotive-tisBue tumours, are _ 
tamours consiHting of fibrous tisnae. 

Structdke. — In Btracture tbe fibromata present the 
same variations as tbose met with in fibrous tissue. 
Some of them are composed of firm, dense, fibrous tissue, 
inch as constitutes tendons • others are laser and less 
fibroua in consistence more reiembhng the connective 
tissue of the cutis The iibres (Fig 30) whioh conatitute 
the chiet part of the growth, 
are closely interlaced and are 
diBtnbttteJ without any defi- 
nite arrangement orgiouped 
m bundles of a iz 

^T -' they are frequ ntly arrang d 

-^ ■' concentrically a d th 

^'"i?*' ^/ blood veaaels Th 11 

* imiu Twiumr j. 200 as they are u ally U d 

the connective tissue corpuscles are very f w mbe 

and usually only become visible after th add t n f 
acetic acid They are mmute spindle shaped fu f m 
or steUate bodies the latter having proces f ary ng 
length which communicate with simdar p from 

aeigbbonrmg celJs Ihey contain, m some cases an oval 
nucIeuB Tie size and mitntei oi \,\iew4e^"ra.tw9.-w4ii 
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the rapidity of growth— the slower the growth the more 
fibrous the tissue, and the smaller and less numerous are 
the cells. 

The fibromata usually contain but very few blood- 
vessels. In some cases, however, these are more numerous, 
and form a cavernous network, the walls of which are 
firmly united to the tissue of the tumour so that when 
divided or ruptured, they are unable to retract. In such 
cases, injury to the tumour is often followed by profase 
haemorrhage. 

Development. — The fibromata always originate from 
connective tissue, either from the cutis or subcutaneous 
connective tissue, from the submucous or subserous tissue, 
from fasciae, the periosteum, the neurilemma, or from the 
connective tissue of organs. In the earliest stages of 
their growth they consist of embryonic tissue, the cells 
being very numerous, and the intercellular substance soft 
and amorphous (see " Development of New Formations"), 
The latter, however, subsequently fibrillates, the cells 
diminish in number, many of them become spindle-shaped, 
and the embryonic becomes fuUy developed connective 
tissue. The slower the process of development, the less 
marked are these embryonic characters. The fibromata 
are almost always limited by a fibrous capsule, which 
separates them from the surrounding structures. Their 
growth is slow and central, taking place within the 
capsule. 

Secondaky Changes. — Of these, partial mucoid softening 
and calcification are the most common. Ulceration also 
sometimes occurs in those growths which are situated in 
the submucous tissue. 

Varieties. — Fibrous tumours present some variations 
in their characters, which depend for the most part upon 
the tissues from which they grow. Those growing from 
the cutis are softer and less dense in con^iatexic^ >i)»aajvi. 
ihose met with in many other situatioiia \ ^\^ey M^waS^-^ 
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also have papiUsB on their surface. These growths from 
the cutis are by no means uncommon, and may form 
enormous tumours. They are frequently multiple, and in 
their growth often become pedunculated. They commonly 
occur in middle or advanced life. 

Another variety of fibrous tumour grows in connexion 
with nerves, and is often described as neuroma. True 
neuromata, however — ^.e.,new formations of nerve-tissue — 
are amongst the rarest forms of new formations. These 
fibrous growths most frequently occur in connexion with 
the superficial nerves. They grow from the neurilemma, 
and as they increase in size the nerve-fibres become ex- 
panded over them, so that they often cause considerable 
pain — hence the term "painful subcutaneous tubercle" 
which is sometimes applied to them. 

The fibroid tumours of the uterus, which are often 
regarded as fibrous tumours, appear in most cases to be 
overgrowths of the involuntary muscular tissue of the 
organ. They will therefore be described with the muscular 
tumours. (See " Myoma.") 

Physical Characters, &c. — Fibrous tumours are 
usually more or less spherical or oval in shape, and are 
frequently lobulated on the surface. Their consistence 
varies : — ^they may be exceedingly firm, den-se, and fibrous, 
or softer and more succulent. On section, they usually 
present a grejrish-white basis substance, intersected with 
opaque white glistening fibres. They are generally single, 
except when growing from the neurilemma or cutis, in 
which situations they are frequently multiple. 

Clinical Characters. — Clinically the fibromata are 
perfectly innocent, and have little or no tendency to recur 
locally after removal. 



CHAPTER XIV*. 

THE MYXOMATA, 

The mjxomata are turn ours consisting of niucoas tissue. 
Mucous tissue is a translucent and succulent connective 
tissue, the intercellular substance of whicli yields mucin. 
Physiologically, this tissue is met with in two forms, and 
in two situations : — one — ^in the vitreous humour of the 
eye, in which the cells are roundish and isolated ; the other 
— ^in the unibilical cord, in which the cells are fusiform or 
stellate and give off fine trabeculse which anastomose with 
one another. In both, the intercellular substance is 
homogeneous and yields mucin. The connective tissues 
generally in their embryonic condition, as already stated 
when describing " mucoid degeneration," possess an inter- 
cellular substance containing large quantities of mucin. 
Kew formations may undergo a mucoid, change, and thus 
closely resemble in their physical and chemical characters 
the myxomata. A myxoma,, howfiver^ is a growth which 
consists of mucous tissue. The myxomata are thus very 
closely allied to the sarcomata, and by many are included 
in the same class of new formations. 

Stbuctube*. — The cells present the two varieties met 
with in the physiological tissues. The majority are an- 
gular and stellate, with long anastomosing prolongations 
and trabecule. (Fig. 31.) Others are isolated, and i!v\&\- 
form, oval, or spherical in shape.. They usvxaXiy '^o^'&^^'^ 

k: 
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CHAPTER XV. 



THE LIPOMATA. 

A OEHEEAL new formation of adipoae tissoe constitatiiig 
obesity, has alreadj been described under " iaM,y infiltra- 
tion." A localized and circumscribed formation, consli- 
tnt«s a Up<niia or fattj tiunonr. 

SiKVCTUBB. — The lipomata resemble in their etmctare 
adipose tiBsne. (Fig. 32J The; consist of cells containing 
fat.and a variable quantity 
of common connective tis- 
ene. The ceUs, like those of 
adipose tissne,thoiigh usa- 
allj somewhat larger, are 
more or less round or poly- 
gonal in shape, and are 
distended with fluid fat. 
The nncleaa and proto- 
plasm are so compressed 
agaihet the cell-wall bythe 
fluid contents, that al- 
though their existence may 
often be demonstrated by treatment with, reagents, they 
are usually only readily visible when the cell is atrophied 
aj)d contains less fat. (See Fig. 2 a.) The connective 
tieaae, which varies in amonnt, unites the cells in masses 
or lobtJea of various sizes, and also in most oasea forma a 
cspsnJearonndthetumoBi, EVood-iesseU are distributed 
ID the SbrouB aepta. 
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Development. — The lipomata grow from adipose, or 
from common connective tissue. Adipose tissue, it must 
be remembered, is merely connective tissue containing 
numerous cells whicb are infiltrated witb fat; and its 
growth consists, either in the inbltration of more of these 
cells, or in a proliferation of the ceUs, and an accumula- 
tion of fat in those newly developed. A lipoma in the 
same way originates by a localized proliferation of cells, 
which as they are produced become infiltrated with fat. 
The growth of these tumours is always very slow, and 
they are usually encapsuled by a layer of fibrous tissue. 

Secondaky Changes. — Secondary changes in the lipo- 
mata are not common; their fibrous septa may, however, 
become calcified, or even ossified, and the fatty tissue un- 
dergo a process of liquefaction* Sofbening may also occur 
from a mucoid change. Sometimes they become the seat 
of an inflammatory process ; then, when situated in the 
subcutaneous tissue, the skin over them becomes adherent 
and ulcerates, and a fongating mass is the result. 

Physical Chabactees, &c. — The situation of the lipo- 
mata is almost co-extensive with that of adipose and con< 
nective tissue. They occur most frequently, however, in 
those parts in which fat is normally met with, as in the • 
subcutaneous tissue, the inter-muscular septa, and in the 
connectiye tissue of glands. They also occur in the sub- 
synovial tissue, and in the submucous tissue of the 
stomach and intestines. They sometimes attain an 
enormous size. They are lobulated, and are usually sur- 
rounded by a fibrous capsule which separates them from 
the adjacent structures. On section they present the 
ordinary appearance of adipose tissue. Their consistence 
varies with the amount of fibrous tissue which they con- 
tain. They are usually single, though not unfrequently 
multiple. In their growth they sometimes become pe- 
dunculated. . 

Cmnical Chajuctebs, — Clinically tTie Upoxaa-Xai ^a^ 
perfectly ixmocent. 



CHAPTER XVI. 
THE ENCHONDBOUATA. 

The Enchondroinata are tamoora histologicallj reBem- 

bling cartil^^. , 

SiRucinaE. — Like cartilage they coneiat ot cells and 
on intercellular aabatance, which present all the raria- 
tions ohserred in the normal tissue. (Fig. 33.) The in- 
Fio. 83. tercellular snbstance maj be bj»- 

line, faintlj or distincUj fibrous, 
or mucoid. Whea fibrous, tiie 
fibrBH maj be arranged like thoea 
of fibrouB-cartilage, or more or 
leea concentricallj aronnd the cells 
as in the reticular cartilages of the 
ear and larynx. The oella may be 
very numerooa, or few in proportion to the matrix. They 
are round, oval, spindle-shaped or stellate. In the hyaline 
forms they are nanaJly large and round or oval ; in the 
fibroua forms they are often smaller and apiudle -shaped, 
more reBembling thoae of connective tdssne ; and in the 
mucoid forma, they are more commonly steUate and 
branched, like those of the umbihcal cord. The; are 
either single or arranged in groaps, and ace usually sur- 
ronnded by a fibroua capsule, though this is often vet; 
iodietiDct. They encloae one or more nuclei and slightlj 
graaalai conteute ; tome^iu^eB ^ >»'&-■«;& (^;Bxia.ij^ ^«, ^i^ 
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tingtdshed. In additiaii to the mtercellolar snbstance, 
tlie growth is usnallj divided into several lobes, by bands 
of fibrous tissue; these lobes are often very distinct, 
so that the growth appears to be made up of several 
separate tumours. The fibrous tissue in most cases also 
encapsules the growth and separates it from the sur- 
rounding structures. The vessels, which are usually not 
very numerous, are distributed in the fibrous septa. 

Dbtblopment.— The enchondromata most frequently 
originate from bone and common connective tissue, very 
rarely from cartilage. Cartilage itself, and especially 
fibrous-cartilage, is very closely allied to common con- 
nective tissue. It grows from the deeper layers of the 
perichondrium, which proliferate and form an embryonic 
tissue ; the young ceUs become cartilage-cells, and these 
probably form the matrix, ^which is either homogeneous 
or fibrillated, constituting in the one case hyaline, and in 
the other fibrous cartilage. The development of enchon- 
droma from connective tissue is precisely similar to the 
physiological process. 

In the development of enchondroma from osseous 
tissue, the medulla is the source of the new growth. 
This proliferates, the osseous trabeculsa are absorbed, the 
neighbouring medullary spaces open one into the other, 
and in this manner a large medullary cavity is pro- 
duced. In the centre of this, the young cells first formed 
enlarge and become separated by a homogeneous^ or less 
frequently, slightly fibrillated intercellular substance, and 
thus is produced a mass of cartilage in the centre of 
the medullary tissue. This gradually increases till ulti- 
mately a layer of fibrous tissue is formed around it, and 
its further growth takes place from the tissue of its 
capsule. 

Lastly, cartilaginous growths may originate from carti- 
lage itself. These are seen on the surface of the articular 
cartilages in chronic rlieamatism, and Bome\amQ^ oil \)tv& 
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costal and intervertebral cartilages. They are simpfy 
local outgrowths from pre-existing cartilage. They rarely 
attain a large size, and in structure and physical cha- 
racters more closely resemble normal cartilage than the 
other forms of enchondroma. They are often described 
as enchondroses. 

Second ABY Changes. — Of these, calcification is much 
the most common. It affects different parts of the 
growth, commencing in the capsules, and then involving 
the intercellular substance. Ossification also occasion- 
ally occurs ; it commences at separate centres, and 
spiculsB of bone are formed wiiich traverse the tumour 
in various directions. Fatty degeneration and mucoid 
softening are common changes, and may lead to the 
formation of large softened masses which present the 
appearance of cysts. In rare,cases the skin covering the 
tumoar ulcerates, and a fungating mass protrudes. 

Yakieties. — The varieties of enchondroma depend upon 
the nature of the intercellular substance. Q^ere are thus 
hyaline, fibrous, and mucoid enchondromata ; these, how- 
ever, are usually combined in various degrees in the same 
tumour. As a rule, those originating from the medulla 
of bone are of the hyaline and mucoid class, whilst those 
originating from connective tissue in other situations are 
more frequently fibrous. The rapidly growing fibrous 
forms approach very closely the confines of the sarcomata, 
the mucoid forms, the confines of the myxomata: and 
these varieties often appear to be associated in the same 
tumour. 

A variety of enchondroma has been described under the 
name of osteo-chond/roma, which in structure more closely 
resembles bone than cartilage. It consists of a tissue 
similar to that met with between the periosteum and 
bone in rickets, which from its resemblance to osseous 
has been called osteoid tissue. This tissue only requires 
oaloifyiDg to heoome true\)one. liL^^\iQnckfcH^\a\iv3b&fe^ 
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of trabecnlsB and medollary spaces, bat the trabecolsB, 
instead of bone-corpnscles and lamellae, consist of small 
angnlar cells withont a capsule, situated in an obscurely 
fibrillated matrix, whicb in part is calcified. The medullary 
spaces contain a fibrous stroma and many blood-vessels. 
The osteo-chondromata, although consisting mainly of 
this osteoid tissue, contain also a smcdl proportion of 
cartilage. They originate beneath the periosteum, their 
common seat being the ends of the long bones. Their 
growth is very rapid, and they often attain an enormous 
size. They are much more freely supplied with blood- 
vessels than the ordinary enchondromata, and hence they 
are much less frequently the seats of retrogressive 
changes. They] are especially prone to become ossified, 
and converted into true bone. 

Physical Chakactees, &g. — The enchondromata occur 
most frequently in early life. About three-fourths of 
them are met with in the osseous system, where they 
grow either from the medulla or from the periostexim : 
their favourite seat is the extremities of the fingers and 
toes. The remaining fourth occur most frequently in the 
parotid gland and in the testicle. They occasionally 
grow in the subcutaneous cellular tissue of the mammas, 
and in the lungs. They are usually single except when 
occurring on the fingers and toes, in which situations 
they are more frequently multiple. They consist of a 
single tumour, or of several smaller tumours held toge- 
ther by fibrous tissue. Their consistence is softer than 
that of cartilage, sometimes it approaches that of a soft 
jelly. Their growth is usually slow, though in the softer 
forms and in those growing in the medulla of bone, it is 
often very rapid. They may attain an enormous size. 

Clinical Oharactees. — The enchondromata must for 
the £iost part be regarded as innocent growths. Those 
homologous forms which originate from cartilage, ^^d. 
h&ve heen called " enchondroses," differ in «iXV Tft«^^^\» 
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from ilie heterologous, and never exhibit malignant cha- 
racters. The more heterologous forms originating from 
connective tissue and bone, are usually encapsuled, and 
in most cases produce merely local effects, although 
these, from the parts involved and the rapidity of growth, 
are often very injurious. The softer forms, however, and 
especially those which occur in the medulla of bone, 
occasionally exhibit malignant characters. These grow 
the most rapidly, and are sometimes not limited by a 
fibrous capsule; they may therefore recur locally after 
removal. In rare cases they have also infected the lym- 
phatic glands, and recurred in the lungs. 

In speaking of the malignancy of the enchondromata, 
it must be bome in mind how frequently these oartila. 
ginous growths are associated with sarcoma; so that 
wliilst it must be admitted that pure enchondromata are 
in exceptional cases malignant, the mahgnant properties 
ascribed to these growths are often due to their combi- 
nation with sarcomatous elements. 



CHAPTER XVII. 

THE OSTEOMATA. 

The Osteomata or osseous tumours, are tumours consist- 
ing of osseous tissue. A new formation of bone occurs 
under various circumstances. Irritative conditions of the 
bone and periosteum are often attended by a large forma- 
tion of new bone. This is seen after fractures, in which 
there ia not only a formation of bone from the bone 
itself, but also from the periosteum and adjacent fibrous 
structures ("permanent" and "provisional callus"). 
Chronic inflammation of the periosteum is also frequently 
followed by thickening of the bone beneath it. These, 
however, are inflammatory formations, and have not an 
independent growth like the osseous tumours. 

Strtjctubj!. — Osseous tumours resemble in structure 
normal bone. There are three varieties : — 

1, The Ehv/mated Osteomata. — ^These consist of dense, 
compact, osseous tissue. The lamellae are arranged con- 
centrically and parallel to the surface of the tumour. 
There is a complete absence both of blood-vessels and of 
cancellous tissue. 

2. Ths Compact Osteomata. — These are formed of a 
tissue similar to that of the compact tissue of the long 
bones ; differing only in the arrangement of the Haversian 
canals and canaliculi, which is less regular than in nonaol 
bone. 
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3. The Gcmcellous Osteomata. — These consist of cancel- 
lous osseous tissue. The medullary spaces may contain 
embryonic tissue, a fibrillated tissue, or fat. 

Deyelgficent. — Osseous tumours, like normal bone, can 
originate only from cartilage or from connective tissue. 
In both cases the process is precisely similar to that of 
physiological ossification. 

Yaxeeties. — The osteomata are divisible into two 
classes, according to their seat — ^the homologous osteomata 
or exostoses, and the heterologous osteomata or osteth 
phytes. 

The homologous osteomata or exostoses, are outgrowths 
from pre-existing bone, growing either from the peri- 
osteum, from the articular cartilage, or from the mednUa. 
Those growing from the periosteum occur most frequently 
on the external and internal surfaces of the skull ; the 
orbit is an especially favourite seat, and here they are 
often dense and ebumated. They are also common on 
the upper and lower jaws, and in this situation they may 
grow from the dental periosteum. There is usually a line 
of demarcation between them and the sabjacent bone, the 
new tissue of the tumour being distinct from the compact 
tissue of the bone. The periosteum from which they 
grow covers them, and is continuous with that of the old 
bone. 

The exostoses growing from the articular cartilages 
occur at the ends of the long bones. In structure they 
are much more cancellous than the periosteal growths, 
and their outline is less regular. The medullary exostoses 
— or more properly, en^ostoses — are the least frequent: 
they originate in the medullary tissue. 

The heterologous osteomata or osteophytes, originate 

apart from bone, growing from the connective tissue or 

from cartilage. They are much less common than the 

homologouB growths, and must misioat cases be regarded 

'^ther as inflammatory ioT"ma.\A.Qnaa ^Jc^aia. ^^ Xrom^-'Qs.'^x 
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Snch formations of bone are met with in tendons, in the 
cartilages of the laiyox in chronic laryngitis, in the 
bronchi, in articular synovial membranes, in muscle, in 
the arachnoid and pia mater, and occasionally in the 
limgs and brain. They must be distinguished from 
calcareous deposits, in which there is no new formation. 
(See " Calcareous Degeneration.") 

CLnacAL Ohabactebs. — The osteomata are perfectly 
innocent tumours. Their growth is very slow, although 
they sometimes attain a considerable size. They are often 
hereditary and multiple, in which case they usually occur 
in early life. Those osseous growths which sometimes 
exhibit malignant characters, are sarcomata, enchondro- 
mata, or cancers which have undergone partial ossification, 
!From these, true osteomata must be carefully distin- 
guished. 



CHAPTER XVIIL 

THE LYMPHOMATA. 

The Lymphomata are new formations consisting of lym- 
phatic, or, as it is sometimes called, adenoid tissue (the 
" adenoid tissue of His"). Lymphatic tissue is the tissae 
composing the follicles of the l3rmphatic glands and the 
Malpighian corpuscles of the spleen, and existing in many 
other organs belonging to the lymphatic system. This 
tissue is now known to have a much more general dis- 
tribution than was formerly supposed ; it not only con- 
stitutes the follicles of the lymphatic glands and the 
Malpighian corpuscles of the spleen, but also Peyer's 
glands and the solitary glands of the intestine, the fol- 
hcles of the pharynx and tonsils, the Thymus gland, and 
the trachoma glands of the conjunctiva. Recently it has 
also been found to exist in many other situations, as 
around the blood-vessels of the pia mater and of other 
parts, in the peri-bronchial connective tissue, in the 
pleura immediately beneath its endothelium, in the peri- 
toneum, in the mucous membrane of the alimentary canal, 
and in the medulla of bone. 

Structure. — Lymphatic tissue, wherever it exists, pos- 
sesses the same general structure, and the follicle of a 
lymphatic gland may be taken as the type, not only of 
the pbyaiological tissue, but also of the pathological 
growtba. 
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T]iis tissue consists essentially of a delicate reticulum, 
within the meshes of which are contained lymphatic cells 
—the so-called lymph-corpuscles. The reticulum is made 
up of very fine fibrils, which form a close net-work, the 
meshes of which are only sufficiently large to enclose a 
few, or even a single corpuscle, in each. The fibrils 
usually present a more or less homogeneous appearance, 
and, as in the stroma of a lymphatic gland, nuclei are 
often to be distinguished at the angles of the net- work. 

The lymphatic cells, or lymph-corpuscles, which con- 
stitute the greater part of the tissue, can in most cases be 
readily isolated from the meshes of the reticulum. They 
are identical in their characters with the white corpuscles 
of the blood, and like these are contractile, and possess 
the power of spontaneous movement. As usually seen 
after death, they are spheroidal, pale, semi-transparent 
• bodies, varying considerably in size, and also presenting 
slight differences in their structure. Some are granular 
and appear to possess no nucleus ; in others, a distinct, 
simple, or compound nucleus is visible, which is usually 
also granular ; others again are much larger and contain 
two or even three nuclei. These larger elements con- 
taining more than one nucleus, are only met with during 
the process of rapid growth. (See Fig. 35.) 

Development. — The lymphomata originate for the most 
part from lymphatic tissue, being simply overgrowths of 
pre-existing lymphatic structures. At the same time it 
is probable that the new elements are in some cases partly 
derived from migrated blood-corpuscles, which multiply 
subsequently to their escape from the vessels. (See 
"Leukaemia.") These growths are therefore usually 
homologous. They may, however, be in a certain sense 
heterologous, either owing to the new tissue extending 
considerably beyond the confines of the old, or to its 
growth in situations where it is normally almost ^\it\3L^\:5 
yfanidng. 
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YiOtiETiES. — ^The lymphomata indude the thr<^ foUow- 
ing varieties: — simple hfnvphomOr hfrn/phadenoma, and 
leukoBmia, Each of these nmst be considered separately. 

SIMPLE LTMPHOMA. 

A simple non-inflammatory enlargement of a Ijmphatio 
gland, not resulting from any obyious irritation, nnde^ 
going no extensive retrogressive changes, and like a 
tnmonr having a tendency continually to increase, may 
be called a simple lym^Tioma, 

The enlargement is probably owing to a hyperplasia of 
the elements of the gland — a hyperplasia which is cha- 
racterized by its chronidty, and tendency to contvrme, 
"Whether the migration of blood-corpuscles takes any 
part in the process is nnknown. The newly-fomed 
elements undergo no marked retrogressive changes, and 
hence the size of the gland becomes permanently in« 
creased. The lymph-corpuscles throughout the gland 
increase in number, many of them at the same time in- 
crease in size, and the larger cells often contain more 
than one nucleus. If this general hyperplasia is rapid, 
the gland becomes soft and pulpy in consistence, and the 
cortical and medullary portions may be no longer dis- 
tinguishable. As the growth contiaues, there is usually 
at the same time an increase in the stroma of the gland, 
the trabecuIaB and capsule become denser and more fibrous, 
so that ultimately the consistence of the enlarged gland 
may be- firmer than natural. The slower and more chronic 
the growth, the greater is the increase in the fibrous 
structures. 

Sometimes the enlargement of the glands appears in 

the first place to be of an inflammatory nature, and to 

result from some irritation, but upon this being removed, 

the glands instead of subsiding continue to increase. In 

moat cases, however, no auch source of irritation is 

discoverable. 
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The glands which are especiallj prone to this disease, 
are the cervical, the submaxillary, the aziQary, the in- 
guinal, the bronchial, and the abdominal glands. Usually 
only a single gland or a single group of glands is affected ; 
sometimes, however, the growth is more general. As the 
glands enlarge, they gradually unite, so that ultimately 
they may form very large lobulated tumours. 

The lymphatic structures in the intestine may in the 
same way become enlarged, and project so as to form 
polypi. The enlargement of the spleen in ague, is also 
probably of the same nature. 

LYHFHADENGMA. 

Closely allied to the simple lymphomata are the growths 
now known as hjmphadenoma. These growths were for- 
merly described by Hodgkin, Bright, Wilks, and Trous- 
seau ; and the condition in which they are met with was 
called, after the first-named of these observers, "Hodgkin's 
Disease." Trousseau designated it " Ad^nie." Eecently 
their characteristics have been more fully determined by 
MM. Comil and Eanvier, and by Drs. Murchison* and 
Sanderson, to whose descriptions the reader is referred 
for more complete information respecting them. 

The disease consists in a hyperplasia of the lymphatic 
glands and of other lymphatic structures, together with 
the development of lymphatic growths in various organs. 
Histologically, the new growths are precisely similar to 
those of leuksBmia. The disease differs essentially, how- 
ever, from leuksBmia in this respect, that the new forma- 
tion of lymphatic tissue is not associated with any notable 
increase in the number of the white corpuscles in the 
blood. 

The lymphatic glands are usually the earliest seats of 
the new growth, and here it differs in no respect ana- 
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tomicaJly from what lias been described as " simple lym- 
phoma." At first it may be limited to a single group of 
glands; subsequently, however, the process often becomes 
more general, and the glands throughout the whole body 
may be more or less involved. The glands as they in- 
crease in size gradually become confluent so as to form 
large lobulated tumours, and the new growth, which takes 
place in the earlier stages within their capsules, in most 
cases ultimately extends so as to infiltrate the surround- 
ing structures. When commencing in the bronchial 
glands, for example, the growth may gradually involve 
one or both lungs, and it constitutes in this situation the 
most common variety of mediastinal tumour. 

This new growth of lymphatic tissue, which commences 
in and usually extends beyond the confines of the lym- 
phatic glands, is often ultimately followed by the forma- 
tion of lymphatic growths in various internal organs. 
In the spleen, the Malpighian corpuscles become enlarged 
and form greyish-white nodules and masses. The liver, 
kidneys, lungs, stomach, muscle, bones, and subcutaneous 
tissue may all become involved, the new growths occur- 
ring either as nodules of various sizes scattered through 
the organs, or in a more infiltrated form, like many of 
the growths met with in leukasmia. 

With regard to the structure of the new growths — ^they 
resemble in the main lymphatic tissue (the " adenoid tissue 
of His," Fig. 34); they present, however, certain histo- 
logical differences in the various stages of their develop- 
ment, differences which correspond with those met with 
in inflammatory conditions of a lymphatic gland. In 
the earlier stages of their growth, when this is rapid, 
the small lymph-corpuscles are often associated with 
much larger cellular elements which contain one, and in 
some cases several nuclei. (Fig. 36.) These larger cells 
are frequently met with. in. Vjtq.^'Wa.g atructures which 
are undergoing active growth. T\iBy ^ota.^'^'Vaa^x^k'^Tfi^^ 
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the mnlti-nooleated masaes of protoplaam (" mjeloid 
cella") whicb occur in certaia connectire tUaae-growtliB. 




Lt/ngAadenemit. — A, a thin secticni of a Ijmpba- 
denom&tODS timunir of the mediaBtinain. B, a 
similsF section, from which moat of the ooHs have 
been removed by pencilling, so as to show the 
reticulated netirork. This network is much more 
marked than that often met with, x 2U0. 

(See " GenesiB of Cells.") In a more advanced stage these 
larger cell-forms are often almost entirelj wanting; the 



rpneclee which constituted the greater part 
oi the growth. To the right are some of tbe 
larger iDulti-i|ucleated elements. ■ 350. 

t^ticnlated stroma, which at first is extremely delicate, 
nsnaUj becomes more marked, denser, and more fibrous ; 
and witb this increase in the fibrous retioulom, the 
Ijmpb-corpneclea gradnally diminish in number and be- 
come arranged in smaller groups within its meshes. 
SometimeB nuclei are to be seen in the angles of the 
reticnlnin similar to those in the stroma of a \^m'pWJnc 
^^nd. Tbe gradual incraaae anA tluckeMUg <A ftift 
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reticalmn is very analogons to wliat occurs in chronic in- 
flammatory processes in lymphatic glands. (See " Clirbmc 
Inflammation of Lymphatic Structures.") 

In their physical characters the new growths vary. 
They are usually of a greyish-white colour and of a soft 
brain-like consistence, yielding a milky juice which ia 
rich in cellular elements precisely resembling leucocytes. 
In other cases they are much firmer in consistence, and 
they may be as hard as an indurated lymphatic gland. 
These diflerences depend upon the relative proportion of 
the stroma. They have but little tendency to undergo 
retrogressive changes. 

Clinically, these growths are exceedingly malignant 
They infiltrate the surrounding structures, and ofben re- 
produce themselves in internal organs. 

LEUKAEMIA. 

LeuksBmia is a disease characterized by a permanent 
and continuous increase in the number of the white cor- 
puscles in the blood, which increase is associated with a 
new formation of lymphatic tissue in the spleen, in the 
lymphatic glands, and sometimes in other Organs. Re- 
specting the relation which subsists between the new 
growth of lymphatic tissue and the increase in the 
rnunber of the white blood-corpuscles — ^it is probable, as 
stated by Yirchow, that the former is a cause of the 
latter, and that the increase is partly due to a larger 
number of lymphatic elements entering the blood than in 
health. At the same time it is difficult to admit this as 
the only cause of the increase, as new growths of lymphatic 
tissue may take place in these organs without the pro- 
duction of any leuksamia. This has been seen to occur in 
lymphadenoma. It is possible that the power of the 
white blood-corpuscles and lymph-corpuscles to form red 
corpuBcleB is diminislied, or that the white corpuscles 
may increase by maltip\icatioiim\)ki<d\^syA» 
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The new formation of lympliatic tissue is in tlie first 
place hyperplastic^ taking place in the spleen or in the 
lymphatic glands ; subsequently, however, it may become 
Jietm'oplastiCi and the liver, the kidneys, the Inngs, and 
other organs, may become infiltrated with lymphatic 
elements. The growth is a ccyiitvnuoua one; the now 
elements many of them enter the blood, the remainder, 
not undergoing any retrogressive changes, give rise to 
tumours in, or to a general increase in the size of, the 
organs in which they are generated. 

The new growth may commence in the spleen or in the 
lymphatic glands. In most cases the spleen alone is 
involved. Sometimes the growth in the spleen is asso- 
ciated with a similar one in the lymphatic glands. In 
rare cases, the Ijrmphatic glands are the sole seats of the 
hyperplastic process. 

In the «p^en— which must thus be regarded as the 
most important organ in the production of leukaemia — 
the first stage in the process is one of intense hypersemia. 
The organ becomes exceedingly vascular, and the cells 
both of the pulp and of the Malpighian corpuscles 
increase in number. The process, however, soon becomes 
principally limited to the Malpighian corpuscles. In 
these, the cells continue to multiply rapidly, many new 
blood-vessels are formed, and the corpuscles thus increase 
in size. They sometimes attain the size of a hazel-nut, 
and are seen as firm whitish nodules of an irregular 
shape, scattered through the much enlarged and- vascular 
organ. As the Malpighian corpuscles increase in size, 
the surrounding pulp gradually atrophies, and often be- 
oomes deeply pigmented. The trabeculss at the same 
time becomes thicker and more fibrous. The organ thus 
becomes firmer in consistence, and the enlarged Mal- 
pighian corpuscles make up the chief part of its bulk. 
The capsule also becomes thickened, and iotm.^ ^i^t^^csw^ 
wz^ ibe snrromidmg viscera. 
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In the hfmjphatic glands the process is precisely similar 
to that in the spleen, the follicles of the gland being the 
chief seats of the hjx>erplasia. The glands become 
enlarged, sofb, and vascular. 

In course of time the disease may become heteroplastic, 
and a large formation of l3rmphatic tissue take place in 
organs in which normally it is almost entirely wanting. 
This heteroplastic tissue probably consists for the most 
part of white blood-corpuscles, which have migrated from 
the enlarged and dilated vessels, and have infiltrated the 
surrounding structure ; it must, therefore, be regarded 
as more distinctly an infiltration than are many of thj 
new formations. 

The organ which is the most frequent seat of the 
heteroplastic growth, is the liver. Here the vessels 
throughout the organ become enlarged and distended 
with white blood, and the infiltration commencing in the 
interlobular tissue, gradually extends into the lobules 
themselves. The lobules thus become gradually enlarged. 
In the earlier stages, they are seen to be clearly mapped 
out by the greyish- white interlobular infiltration. As the 
infiltration increases the liver-cells become compressed 
and atrophy, until ultimately the lobules may be re- 
placed entirely by l3rmphatic tissue, and stand out as 
greyish- white masses upon the cut surface of the organ. 
Associated with this infiltration there is often a formation 
of small, round, soft, whitish nodules, somewhat re- 
sembling grey tubercles. Owing to these changes, the 
liver becomes very considerably increased in size. 

In the hidm^y, which is also frequently affected, the 
change is similar to that in the liver. Here also it con- 
sists for the most part in an infiltration, with which may 
be associated the formation of roundish nodules and 
masses. Other organs are much less frequently involved— 
the IvmgB, pleur8B, stomach, intestines, and heart, may all, 
however, become the seata oi \\xQ\x^\«tQr^v^Ka iQk-ra>ta^<;s\:)s^ 



CHAPTER XIX. 

THE PAPILLOMATA. 

7he Fapilloinaita are new formataons resembling in stnic- 
tnre ordinary papillte, and like these tliej grow fiom 
-ontaneous, mucoua, or serons sarfaces. 

SiaucTDEE.^They conaist of a basis of comtective 
tiasue, supporting blood-vessels, whicb terminate in a 

PiO. 86. 




PopAlcHna. 
c^illary net-work 
ioBg enveloped in 




BiDgle snlarged papilla (Btadfleisch ) 

or in a single capillary loop, ttio -viWa 
ft coyering of epitteUom. i;E\%.?iS>>i 
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The epithelial coyering varies in character in different 
growths. In those of the skin, it is like that met with 
in this situation, hard and stratified, and is nsnally yeiy 
abundant, forming a dense firm covering. In those 
originating from mucous surfaces, the epitheHum fonns 
a thinner investment, and is of a much softer con- 
sistence ; whilst in those growing from serous membranes 
it often constitutes only a single layer. 

The growth may be simple — consisting merely of en- 
larged papillsB, as in a common wart ; or it may be more 
complex, the papillsB being very numerous, and giving 
off secondary and tertiary offsets. If the investing 
epithelium is very abundant, it may so enclose the whde 
mass as to give to it a more or less regular oatHne. 
More commonly, however, this is not the case, and the 
epithelium not being sufficient to fill up the spaces 
between the papiUsB, the growth presents a branched, 
villous, or cauliflower appearance. The blood-vessels art 
ofben very numerous, and are sometimes dilated and 
tortuous. 

Development. — ^The papillomata always originate firom 
the skin, from mucous, or from serous membranes. Thej 
most frequently grow from pre-existing papiUsd; some- 
times, however, they occur where no papillsB exist, spring" 
ing directly from the sub-epithelial connective tissue ^- 
this is the case in the stomach and larynx. Their growlih 
is usually slow. The individual tumours rarely attain a 
very large size, the larger forms being for the most part 
constituted of several smaller growths. 

Secondailt Changes. — Of these, ulceration and h89mo^ 
rhage are the most frequent. They occur especially ii 
those growths which originate from mucous sur£EioeB. 
The haemorrhage is often very abundant, and may evei 
endanger life. This is not unfrequently the case in the 
papillary growths of the bladder and intestine. 

Vabibties. — The varieties of papillary tumours depend 
principally upon tiieir a^at. ^YVlo^^ ^xc^^King from tto 
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skin are warta and homy gfowths. These are firm, have 
a dense epithelial covering, and are less prone to ulcera- 
tion and hsBmorrliage than those growing npon other 
parts. Larger and more vascular forms may,' however, 
occur on cutaneous surfaces— such are the condylomata 
and venereal waHs met with around the anus and upon 
the external male and female genital organs. 

The papillomataof mucous membranes are softer and 
more vascular than the preceding, they have a less dense 
epithelial covering, and are more prone to ulceration and 
haemorrhage. Many of them come within the category 
of mucous polypi. They are met with on the tongue, in 
the larynx and nose, on the gastro-intestinal mucous 
membrane, on the cervix uteri, and in the bladder. In 
the bladder and intestine they are often exceedingly 
vascular, and give rise to profuse hsemorrhage. Here 
they are not unfrequently confounded with villous epi- 
thelioma. 

Fapillomata of serous membranes never form distinct 
tumours. They are met with most frequently as small 
out-growths from the synovial membrane in chronic 
diseases of joints. 

Clinical Chabaotbes. — Clinically, the papillomata are 

innocent growths. They may, however, prove fatal from 

continuous ulceration and hsBmorrhage : this is especially 

the case, as already mentioned, in papilloma of the 

bladder and intestine. In these situations they are easily 

mistaken for epithelioma ; the symptoms of both are very 

similar, and it is often only after death that they can be 

distinguished. In the papillomata the epithelium is 

homologoibs, being situated only upon the surface of the 

papillae, and in no case growing within their connective 

tissue basis. In the epitheliomata, on the other hand, it is 

heterologous, and is met with at the base of the tumour 

in the subjacent connective tissue. (See " Epithelioma." 

Pig. 45.) 



CHAPTER XX. 

THE ADENOMATA. 

The Adenomata — or aa they are more commonly called, 
glandular tumours — are sew fonnationB of gland-tiBsiie. 

Stbitctukb. — In strnctute the adenomata resemble die 
raoemoBe or tnbnlaf glauda. Thej coneiet of numeKnu 
small saccnlea or tnbes filled with squamone or cylindrical 
epithelial cells. These are grouped together, being merely 
separated by e small, though varying, amount of connec- 
tive tissne, in which are contained the blood-vewels. 
(Fig. 37.) 

PlO 37 




AdauxaattftheMimma. x 3O0. (BmdSeisch.) 

Development. — The adenomata always originate from 
pre-esieting gland- Btructarea, oi wMcbtbey are simply 
Ajca/ iyperplasias. Their gio^V,'v^'4i''ia ^isra^^l i&sw. 
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takes place bj tlie development of diverticiila from the 
saccules or tabnles of the gland, and by a proliferation of 
the enclosed epithelinm. The new growth may remain 
in intimate relation with the adjacent gland, or it may 
ultimately become separated from it by a fibrous capsule. 

Secondailt Changes. — The most frequent of these is 
fatty degeneration of the epithelium, which may give 
rise to the formation of small caseous masses in the 
growth. Dilatation of the saccules and tubules so as to 
form cysts, and mucoid softening, are also common. 

Yabieties. — One of the seats of adenoma is the 
mammary gland. Here two varieties must be distin- 
guished, — one, in which there is a general hyperplasia of 
the whole gland ; the other, in which the process is limited 
to a single, or to a small group of lobules. The former 
constitutes hypertrophy of the mamma, the latter is the 
chronic mcmima/ry or adenoid tumour. Adenoma of the 
mamma is comparatively rare. Many growths in this 
situation, described as adenomata, are sarcomatous 
tumours, in which are contained the acini of the gland.. 
The distinction between true adenoma and such sarco- 
matous growths is often exceedingly difficult. The 
adenomata are either superficial or deeply seated in the 
gland from which they originate, and from which they 
are usually separated by a loose fibrous capsule. They 
are commonly round or oval in shape, lobular, and of a 
hard elastic consistence. On section they present a 
lobulated appearance, their racemose structure being often 
visible to the naked eye. 

The glandular structures of mucous membrane are also 
very common seats of adenoid growths. In the nose, the 
pharynx, the stomach, the intestines, the vagina and 
uterus, these growths are frequently met with. In courise 
of time they usually gradually project above the surface 
of the membrane so as to form a polypus, and thus con- 
sidtttte one of the moat common foimB o£ muccyus •goV^'^^. 



156 NUTRITION INCREASED. 

In consistence the j are soft and somewliat gelatinotis, 
and often present a semi-translncent appearance. Their 
surface resembles in colonr the surrounding mncous 
membrane. The formation in them of cysts, b j the dila- 
tation of their tubules, is exceedingly frequent : tlie cysts 
usually contain a soft mucoid substance. 

The other seats of adenomata are the sebaceous glands, 
the pineal gland, and the ovaries. 

Clinical Ohakactbes. — Clinically, the adenomata are 
for the most part perfectly innocent ; they are, however, 
very Hable to be confounded with growths possessmg 
malignant properties. A tumour, also, which is primarily 
a simple adenoma, may subsequently become cancerous. 
The anatomical distinction between cancer of a gland, in 
its earlier stages, and a simple glandular tumour, is often 
exceedingly difficult, especially in the mamma. In cancer 
the growth commences by a proliferation of the epithelium 
within the ducts of the gland ; and as the epithelium only 
subsequently becomes heteroplastic, the determination of 
the nature of the tumour in this stage is necessarily 
attended with considerable difficulty. In sarcomatous 
tumours, again, originating in the connective tissue of a 
gland, the ducts of the gland filled with epithelium, are 
often seen embedded in the new growth, and thus the 
appearance of adenoma may be closely simulated. 



CHAPTER XXI. 

THE CARCINOMATA. 

The Carcinomata, or Cancers, are new formations con- 
sisting of cells of an epithelial type, without any inter- 
cellnlar substance, grouped together irregularly within 
the alveoli of a more or less dense fibroid stroma. 

The term " cancer " has been so commonly applied inde- 
finitely to any growth possessing malignant properties, 
that " ca/ncerous " and " maUgncmt " have come to be re- 
garded by many as synon3rmous terms. It is important, 
however, clearly to distinguish between them. A cancer 
is a growth possessing the above-named definite struc- 
ture ; a maUgna/nt growth, on the other hand, is one which, 
independently of its structure, tends to reproduce itself in 
adjacent or distant tissues. (See " Malignancy.") " Can- 
cerous,'' is an anaiondcal term ; " Malignant," is a clinical 
one. 

The Cancers include the four following varieties: — 
Scvrrhus, Encephaloid, Colloid, and Epithelioma. These, 
although all possessing the same general characters, pre- 
sent certain structural and clinical difPerences which 
serve to distinguish them. It will be well in the first 
place to describe the characters common to the whole 
class, and subsequently those which are peculiar to the 
individual members. 

Structube. — In structure, the Caiicet^ »q i«»t x^^^u^^ 
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one another, that they all consist of cells of an epithelial 
type, without any intercellular substance, grouped 
together irregularly within the alveoH of a fibroid stroma. 
Although there is no distinct intercellular substance, a 
certain amount of fluid exists between the cells. It is this 
fluid which exudes from the freshly-cut surface of the 
cancer, and the number of cells which it contains giye to 
it a milky appearance. 

The cells are characterized by their large size, by the 
diversity of their forms, and by the magnitude' and pro- 
minence of their nuclei and nucleoli. (Fig. 38.) In size 

Fig. 38 




CelUfrom a Sdrrhus qfthe Mamma, x 250. 

they vary from g^ to TEm ^^ ^^ i^^h in diameter ; the 
majority being about five times as large as a red blood- 
corpuscle. They are round, oval, fusiform, caudate, 
polygonal — exhibiting, in short, every diversity of outline. 
These variations in form are principally owing to the 
mutual pressure to which in their growth they are sub- 
jected. The nuclei, which are large and prominent, are 
round or oval in shape, and contain one or more bright 
nucleoli. The nuclei are, perhaps, most frequently single; 
two, however, are frequently met with, and in the softer 
and more rapidly growing cancers they may be much 
more numerous. The cells rapidly undergo retrogressive 
changes, hence they usuaTLy cotlWtl isiolaGular fat. They 
are many of them exceedingly 3Lea\n:\xR.\ScAa, wi ^^ ^H^et^ 
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more free nuclei than cells are risible. Cells precisely 
similar to these are met with in other morbid growths, 
and also in the normal tissues, ^ere is thus no »pecyie 
" oancer-celL" It is the general character of the cells, 
together with their mode of distribntion in the meshes of 
a fibroid stroma, that determines the nature of the growth 
to which they belong. 

The eirama varies considerably in amount, being much 
more abnndant in some varieties of cancer than in others. 
It consists of a more or less distinetlj fibrillated tissue, 
arranged so as to form alveoli of various forms and sizes, 
within which the cells are grouped. (Fig. 39J These 

Fio. 89. 




a SdrrlUiM y Ot 
The cells have been rsmaved b; 
peDcilling. x SCO. 

alveoli communicate with one another so as to form a 
coutinnons cavernous system. The characters of the 
stroma vary with the rapidity of its growth ; — if this is 
rapid, it will contain some round and epindle-shaped cells ; 
if, on the other hand, it is slow or has altogether ceased, 
the tissue will contain bat few cells, and will be denser 
and more fibrous in character. ' The latter is the condi- 
tion in which it is most commonly met with. 
Within the strvaia are contained tbe blooSr^caadA. 
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These are often very nnmerons, and form a dose network. 
They are always limited to the stroma, and in no case 
do they encroach upon the alyeoli. This distribution of 
the blood-vessels is important as distinguishing the cancers 
from the sarcomata. In the latter the vessels are not 
supported by a stroma, but ramify amongst the cells of 
the growth ; hence the facility with which these tumours 
become generally disseminated. 

In addition to the blood-vessels the cancers also possess 
lymphatics. These accompany the blood-vessels, and, as 
has been shown by MM. Comil and Banvier, communicate 
with the alveoli ; hence the great tendency of cancer to' 
infect the. lymphatic glands. 

Development. — The question of the genesis of cancer 
involves that of the genesis of epithelium generally. It 
is maintained by many Histologists that epithelium can 
only originate from epithelium, and that the strata of 
cells set aside in the embryo for the production of the 
epithelial tissues, is the source from which all epithelium 
is subsequently derived. Others admit that epithelium 
may also originate from connective tissue. (See " Develop- 
ment of the New Formations.") A like difference of 
opinion exists as to the source of the epithelial-like cells 
of cancer. By many — as Waldeyer, Thiersch, and Bill- 
roth— they are regarded as origiuating only from pre- 
existing epithelium. Others — amongst whom . are 
Virchow, LUcke, Rindfleisch, and Klebs — ^mauitain that 
they may also be derived from cells belonging to the con- 
nective tissue. 

The diflBlculty of determining the genesis of cancer, is 
partly owing to the fact that it so frequently originates 
in structures where epithelium is normally abundant, as 
in the mamma, skin, and alimentary canal ; and that ^l^ij 
normal epithelium is always, from the earliest stage of 
the growth, the seat of active proliferation. In cancer of 
the mamma, for example, ti^e &ce>\> Oc^aoi^^ ^^^soLOc^^i^TTsS^ 
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is a large accnmnlation of epithelium within the ducts of 
the gland, a condition similar to that already described 
as occurring in the development of an ordinary glandular 
tumour. (See " Adenoma/*) Soon, however, the epithe- 
lium is found outside the ducts, amongst the inter- and 
peri-glandular connective tissue, which is also in a state 
of active proliferation, and is infiltrated with small round 
cells. The outline of the ducts ultimately becomes com- 
pletely annihilated, and the epithelial cells are seen in 
alveoli, formed of a fibroid tissue. The question arises as 
to whether the epithelial-like cells, which constitute the 
ultimate cancerous growth, originated from those normally 
existing within the ducts of the gland, which in the pro- 
cess of development have extended . beyond the ducts into 
the surrounding tissue ; or whether they originated in the 
connective tissue — the proliferation of the glandular epi- 
thelium being merely a secondary process, and resulting 
from the irritation of the inter-glandular growth. 

In those rare cases in which cancer occurs primarily in 
situations where no epithelium normally exists, as in the 
medulla of bone, and in lymphatic glands, it is difficult to 
maintain an epithelial origin. It must be admitted, how- 
ever, that the tendency which is exhibited by the cells of 
cancerous growths to maintain the type of the epithelial 
structures in the vicinity of which they gp*ow, is greatly 
in favour of the view that they are derived from the epi- 
thelium. In cancers situated near the cutaneous surfaces, 
for example^ the cells are usuaUy of the squamous type, 
whereas in those growing in connexion with the glands of 
mucous membranes, they more commonly resemble the 
epithelium of the gland. It. must be borne in mind, also, 
that the characters of young epithelium are by no means 
well defined. It is impossible to draw a line of demarca- 
tion between young epithelial cells, and the small round 
cells which are so ^numerous in the growing EixoTOi^ii q^\\v<^ 
cancer. It would appe&r to be quite in accoT^i[ie/^ ^'Oft. 

H 
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our present state of knowledge to admii the probability 
of two different modes of oiigin of the epithdiaUike cells 
in cancer — one from epitheUnm, and the other from con- 
nective tissue : in the former case the cells being more 
strictly epithelial, such as are met with in epithelioma; 
in the latter, the epithelial characters being less marked, 
as in many forms of encephaloid and scirrhns. 

The stroma is partly a new growth, and partly the pre- 
existing connective tissue of the part in which the cancer 
originates. It is probably in the main a new formation, 
and the pathology of its development will vary with that 
of the origin of the epithelial elements of the cancer. If 
the latter originate from epithelium, the stroma may be 
regarded as the result of the irritation of the connective 
tissue by the infiltrating epithelial cells. If, on the other 
hand, the epithelial elements originate from connective 
tissue, the stroma must be r^arded as a portion of the 
product of the connective tissue hyperplasia. 

The cancers in their growth very rarely become encap- 
suled, but gradually infiltrate the surroundii^ structures. 
This process of infiltration is very characteristic, and is 
more marked in cancer than in any of the malignant 
growths. The epithelial-like elements are seen infiltrating 
the tissues for some distance around the confines of the 
tumour, so that there is no line of demarcation between 
it and the normal structures. 

Secondary Changes. — ^The most important of these is 
fatty degeneration. This always occurs to a greater or 
less extent in all the varieties of cancer. The more rapid 
the growth, the earlier does this retrogressive change take 
place, and the greater is its extent ; hence it is usually 
most marked in encephaloid. It produces softening of 
the growth, which is often reduced to a pulpy cream-like 
consistence. Caseation, pigmentation, mucoid and col- 
/oid degeneration may also occva. Cj^Ic\fication is very 
rarely met with. 
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Yasebties. — The term " cancer" was so vaguelj applied 
by the older pathologists — nearly all malignant formations 
being included nnder this head — ^that considerable confu- 
sion has resulted in the classification of cancerous growths. 
Peculiarities in situation, structure, and appearance, have 
given rise to special names, hence the terms — " osteoid" 
'* chondroid,** " cystic/* " villous,'* and " lutmcUoid" cancer. 
A cancer containing large quantities of pigment was de- 
scribed as a distinct variety, under the name of melanotic 
cancer. Melanotic cancer, however, is exceedingly rare. 
The majority of tumours which are thus designated are 
in reality sarcomata^ (See " Melanotic Sarcoma.") 

The most convenient classification, and that which is 
now generally adopted, divides the cancers into four 
groups : — sci/rrhous, fibrous, or chronic cancer ; eTicephc^ 
loid, medullcm/, or acute cancer ; colloid or gelatinifonn 
cancer; and epithelioma, or cancroid. This division is 
based principally upon the relative proportion of the 
stroma, and upon the type of the epithelial elements. 

SCmRHOUS CANCEB. 

Scvrrhous, fibrous, or chronic cancer is characterized by 
the large amount of its stroma and by the chronicity of 
its growth. The slowness in the development of scirrhus 
probably accounts in great measure for the peculiarities 
in its structure and physical characters. 

The epithelial growth, although at first it may be 
luxuriant, quickly subsides. The elements soon atrophy 
and undergo retrogressive changes. They are most abun- 
dant in the external portions of the tumour, where growth 
is taking place; in the central portions they may be 
almost entirely wanting. (Fig. 40.) 

This degeneration of the epithelial-like elements is 
probably owing to the excessive growth o£ t\ift sfetcfoia., 
and to the subsequent induration and coiitx«kfc\AOXi. '^V\<5?ft. 

u2 
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it undergoes. It quickly assumes the characters of cica- 
tricial tissue, and becomes hard and indurated. This 



Fig. 40. 




Scirrhus of the Mamma. A thin section from tho 
siost external portion of the tumour. Showing the 
clusters of small ''indifferent" cells; and more 
internally, the development of the epithelial-like 
elements within the alveoli of the stroma, x 300. 
(Rindfleisch.) 

causes obstruction and obliteration of the blood-vessels 
which it contains, and it is probably to this interference 
with the vascular supply that the arrest in the develop- 
ment of the cancer is owing. The whole of the central 
portions of the growth may thus ultimately consist 
simply of dense fibrous tissue, the circumference being 
the only part where the epithelial structure is visible. 

Fig, 41. 




ScMThua of the Mamma. A thin section from th» 
more central portion of the tumour. Showing the 
cicatricial tissue which constitutes the older por- 
tions of the growth, x 300. (Rindfleisch.) 

(Fig. 41.) The amount of atrophy and contraction varies 
considerably in different cases. 
The physical charactexB oi ^catViTJka ^x^ \xv Kk^^^ ^^aa^ 
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way due to the abundanoe of its stroma. The growth is 
firm and hard, and it is often depressed in the centre, 
owing to the contraction of the cicatricial tissue ; this is 
very characteristic of scirrhus of the breast, where it 
causes puckering of the superjacent structures. On 
section the tumour presents a white glistening surface, 
intersected with fibrous bands. The more external are 
less firm than the central portions of the growth, and 
yield on. scraping a juice which is rich in nucleated cells, 
free nuclei, and granules. 

Scirrhus is most commonly met with in the female 
breast, and in the alimentary canal — especially in the 
pylorus, oesophagus, and rectum. It also occurs in the 
skin. 

ENCEPHALOID CANCEE. 

Encephaloid, medullary, or acute cancer, is very closely 
allied to the preceding, from which it differs merely in 
the greater rapidity of its growth, the small amount of 
its stroma, and the consequent softness of its consistence. 
Encephaloid and scirrhus cannot be regarded as in any 
way constituting distinct varieties of cancer. There are 
all intermediate stages between them, and the difierences 
in the rapidity of their growth, and consequently in their 
structure and physical characters, constitute their only 
distinctive features. 

The epithelial growth in encephaloid is rapid and 
abundant, and the cells quickly undergo fatty degenera- 
tion, so that often more free nuclei than cells are visible. 
The proportion <Jf stroma is very small, and owing to the 
rapidity of its growth, it is much less fibrous than that 
of scirrhus, and does not undergo a similar cicatricial 
contraction. The blood-vessels are very abundant, and 
the tissue supporting them being soft and non-resista 
hsBmorrhage readily takes place. 

Encephaloid cancer is of a soft \)Taiii-'^Q ocyosss^ 
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the central portions, where fatty d^eneration is most 
advanced, often being completely difiOinent. The tnmonr 
is often more or less lobnlated. On section, it presents 
a white pulpy mass, much resembling brain-substance, 
which is often ii*regularly stained with extravasated 
blood. 

Encephaloid is most frequently met with in internal 
organs, as a secondcmj growth. It also sometimes occurs 
primarily, in the articular ends of bones, in the eye, in 
the testis, and in other parts. Many growths formerly 
described as encephaloid cancer, are soft sarcomata. (See 
" Eound-celled Sarcoma.") 

COLLOU) CANCER. 

The growths described under the name of colloid, 
aheolar, or gelatiniform cancer, although sometimes re- 
garded as constituting a distinct variety of cancer, are 
simply one of the preceding forms which have undergone 
a mucoid or colloid change. The frequency with which 
non-cancerous growths which have undergone these 
forms of degeneration have been confounded with colloid 
cancer has already been alluded to. (See " Colloid De- 
generation.") 

The alveolar structure in colloid cancers is very 
marked : — the alveoli are large, distinct, and more or less 
spherical in shape. This large size and distinctness of the 
alveoli is owing to their distension with the softened 
substance. Within them is contained the gelatinous 
colloid material, which is a'glistening, translucent, colour- 
less, or yellowish substance, of the consistence of thin 
mucilage or size-gelatin. In the main it is perfectly 
structureless ; within it, however, are embedded a vary- 
ing number of epithelial-like cells, which also contain 
the same gelatinous subatance. (,^1^. 42.) These cells 
present a peculiar appeataiiciei *. — ^^i^^ft^ ^x^ \^a^<^ ^jb^ 
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splierioal in shape, imd are distended with drops of the 
same gelatinous material as that in which they are 
embedded. (See Fig. 8.) Uanj of them display a 
lamellar Burface, their bonndarj being marked bj con- 




CoUM Caactr. Sbowing the Itrg^ ftlveoli, witlila 
' which ia conUinod the gelatinotiB colloid materiaL 
I 3t0. (RmiiflBiBCh.) 

centrio lines. It would appear that the colloid change 
commenees in the cells, which become graduallj de- 
stroyed in the process. In other cases the cells, with 
the exception of slight fatt; metamorphosia, are un- 
affected, and the substance distendiiig the alveoli is more 
viscid and mucoid in character. This is due to a 
mucoid degeneration of the intercellular substance, rather 
than to a colloid change oommenciug in the ceUa. (See. 
" Mucoid Degeneration.") 

Colloid cancer is most frequently met with in the 
stomach, in the intestine, and in the peritoneum. 
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£FITH£LIOMA. 

Epithelioma, cancroid, or epithelial ca/ncer, modt be re- 
garded as constitntmg a mucli more distmct variety of 
cancer than either of the preceding. It differs from these 
in always growing in connexion with a cntaneons or 
mncous surface, and in its epithelial elements closely re- 
sembling the squamous variety of epithelium. 

The cells of epithelioma are in the main indistinguish- 
able from those met with on the cutaneous surfaces, and 
on the mucous membrane of the mouth. They vary in 
size from 3^ to yoW ®^ ^^ "^^^ ^^ diameter, the average 
being yoq. They contain usually a single nucleus ; fre- 
quently, however, the nuclei are multiple. (Fig. 43.) 

Fig. 43. 




Cells from an Epithelioma of the Lip. x 260. 

They are often considerably flattened and distorted in 
shape owing to the pressure to which in their growth 
they are subjected, but they never present those nume- 
rous varieties in outline which are met with in the other 
varieties of cancer, neither do they exhibit the same 
marked tendency to undergo fatty degeneration. The 
arrangement of theae ceUa ia -^ecuU-ai •. — aome of them are 
situsbted in irregrilar tu\)\)laT-a\iai^^^\^^J^^^\ ^^^r^^ssfc 
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leas regnluly grouped in maBseu of vanoiiB aizeg amongst 
the meshsB of a atroma. As the cells increase in number 
thej tend to become arranged concentricallj in gronpe, 
so as to form globular masssB. These masses are the 
"concentric globes," or "epithelial nesfa," which are so 
eommonly met with wherever squamous epithelium is 
undergoing rapid growth, and are so especiallj charac- 

Fio. «. 




teristic of epithelioma. As tbe epithelium multiplies, the 
peripheral layers of cells become flattened by pressure 
gainst the surroo&diug stmctnres, whilst those in the 
centre remain more or less spherical in shape like those 
of the deeper layers of the epidermis. (Fir, 4A.) Tha 
eeUa may be eo closely packed as u\tiioate\-j to Wavaa 
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hard and dry like those of the nails and hair, and the 
globes are then of a brownish-yellow colour and of a firm 
consistence. These globes are often large enough to be 
readily visible to the naked eye, and owing to the arrange- 
ment of the epidermic scales, they usually present a 
fibrous appearance. 

The stroma presents every variation between rapidly 
growing embryonic, and a completely fibrillated tissue. It 
may be tolerably abundant, or almost entirely wanting. 
It rarely forms such a marked alveolar structure as that 
which characterizes the other varieties of cancer, but 
usually consists simply of a small-celled infiltration sur- 
rounding the epithelial elements, which may ultimately 
become developed into a more or less completely fibrillated 
tissue. (Fig. 45.) 

With regard to the development of epithelioma — ^there 
can be no doubt that its epithelial elements are derived 
from the epithelium of the skin or mucous membranes, or 
from that of the glands which are situated in these 
tissues. The growth commences by a proliferation of this 
epithelium, which as it increases becomes heterologous, 
extending beyond the normal limits into the subjacent 
connective tissue, and even into muscle, bone, and other 
structures (Fig. 45), and it is this heterologous develop- 
ment of epithelium which is the essential characteristic 
of epithelioma. This extension of the epithelium into the 
subjacent connective tissue produces in the latter an 
irritative growth, and thus the groups of epithelial ele- 
ments are always surrounded by a small-celled (" indif- 
ferent") tissue, the small-celled growth preceding the 
epithelial invasion. (Fig. 45.) 

Epithelioma usually presents itself iji the first place 

either as a small foul ulcer with indurated edges, or as a 

subcutaneous induration or nodule which subsequently 

ulcerates. The surface oi t\ie xAcet ia fre<\uently papillated 

a,nd vUlovLS, owing to the iTTegvxXai ^csr^^Oa. ofl ^^ <5ss«5Jissi.v 



The tamonr itaelf is firm in consietonoe, of^ more or less 
friable, and on. section presents s. grejish-white granolar 
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^IkeUoma of the Tbngat A hiQ vertical sett OQ show 
mg the eicaas tb epithelial growth npon the surfa B of the 
papille and the eitene on of the ep the) al elements nto 
the sab)B£ent connective t aeue 1 he sub-ep thBhal t saue 
IS mflltraled with small (" indifferent ■) cbUb, atnougBt 
which are eeeo the epithelial elemecta bot^ Hm^\B eM. is, 
gn/npB. X 100. 



17^ NUTRITION INCREASED. 

surface, sometimes intersected with lines of fibrous tissue. 
The cut-surface yields on pressure a smaU quantity of 
turbid fluid, and in many cases also a peculiar^ thick, 
crumbling, curdy material can be expressed, which often 
comes out in a worm-like shape, like the sebaceous matter 
from the glands of the skin. This latter is very charac- 
teristic. It is composed of epithelial scales, and on being 
mixed with water it does not diffuse itself like the juice of 
other cancers, but separates into minute visible particles. 
If it is very abundant, the cancer is soft and friable, and 
the material can be seen in the cut-surface as small 
scattered opaque dots. 

Epithelioma has its primary seat in the immediate 
vicinity of the cutaneous or mucous surfaces; and it 
appears in many cases to owe its origin to some external 
source of irritation. It is most frequently met with in 
the lower lip at the junction of the skin and mucous 
membrane, on the tongue, prepuce, scrotum (" chimney- 
sweep's cancer"), labia, eyelids, cheeks, and in the uterus 
and bladder. As it extends it may involve any tissue- 
lymphatic glands, muscle, bone, and tendon may be alike 
implicated. It very rarely occurs in internal organs. 

EpitheUal cancers growing from mucous membranes 
which possess a columnar epithelium, as from the stomach 
and intestines, differ somewhat from the preceding. They 
usually originate in the glandular structures of the mem- 
brane, and their epithelial elements resemble those of 
the gland, and are not squamous in character. There is 
rarely a formation of concentric globes, and the growths 
are of a soft, and often gelatinous consistence. The dis- 
tinction between these and simple adenomata is often 
exceedingly difficult. 

Clinical Characters of the Cancebs. — In speak- 
ing of the clinical cViaTa,c\jet^ o^ "VXi^a cancers, it is im- 
portant in the first place to Tn^ke ^ ^^\xTiOassv^\^w'%58a. 
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epithelioma and the other yarieties. Epithelioma, as 
far as • its malignancy is concerned, occupies a very 
inferior position to scirrhns and encephaloid. These 
two latter varieties of cancer possess in the highest de- 
gree malignant properties. They extend locally, invading 
indiscriminately the tissnes amongst which they grow, 
and reproduce themselves in the lymphatic glands and in 
internal organs. In the process of dissemination, however, 
they present some pecoliarities which distinguish them 
from growths which are sometimes equally malignant — 
viz., the sarcomata. The cancers are characterized by 
their great tendency to reproduce themselves in the 
neighbouring lymphatic glands. This implication of the 
lymphatics is much more marked than in the sarcomata, 
in which it but comparatively rarely occurs, and this is 
probably owing to the communication of the lymphatic 
vessels with the alveolar spaces of the cancerous growth. 
The general dissemination in internal organs, on the other 
hand, is often effected much less readily in cancer than in 
sarcoma, and the course of the former is therefore some- 
times more protracted than that of the latter. This 
difference is explained by the difference in the distribution 
of their blood-vessels : — in cancer, these are contained in 
the stroma and do ngt come into contact with the cells 
of the growth ; whereas, in the sarcomata, they ramify 
amongst the cells, and their walls being composed of thin 
embryonic tissue like that of the growth which they 
supply, dissemination through the medium of the blood is 
rapidly and readily effected. In cancer, the lymph being 
so important a medium of infection, the reproduction of 
the growths in internal organs may be considerably 
delayed ; the progress of the disease becomes arrested by 
the lymphatic glands, and its farther dissemination is 
often only effected after these have become very generally 
and extensively involved. 
With regard to the difference in tlie (i^mca\ Owast^iti.- 
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ters of the several vaarieties of cancer — epithelioma, as 
already stated, is much the least malignant. It extends 
locally, and may affect the neighbouring lymphatics, but 
it comparatively rarely reproduces itself in internal organs. 
This is probably owing to the size and character of its 
epithelial elements, which render them much less Uable to 
be transmitted by the blood and lymph-streams than are 
the cells of the other varieties of cancer. 

Scirrhus and encephaloid, which anatomically are so 
closely allied, differ somewhat in the degree of their malig- 
nancy. The dissemination of the latter takes place more 
readily than that of the former, owing to the greater 
rapidity of its growth, its greater vascularity, and the 
greater activity of its epithelial elements. Both scirrhus 
and encephaloid reproduce themselves in the lymphatic 
glands, and in internal organs. Colloid closely resembles 
encephaloid, both in the rapidity of its development, and 
in the degree of its malignancy. 

In all the varieties of cancer there is a tendency for the 
secondary growths to repeat the characters of the primary 
one. This is most marked in epithelioma. This, in repro- 
ducing itself, invariably maintains its primary characters. 
In scirrhus, the secondary growths in internal organs are 
usually more rapidly developed than^the primary tumour"; 
they are consequently softer and more vascular, and by 
those wbo make a distinction between scirrhus and ence- 
phaloid, they would be regarded as belonging to the latter 
variety of cancer. 



CHAPTER XXII. 

THE MYOMATA, NEUROMATA, AND ANGIOMATA. 

THE MYOMATA. 

The myomata are tumours consisting of muscular tissue. 
A new formation of muscle has been already described' 
as being frequently associated with the ordinary process 
pf hypertrophy, both of striated and of nonstriated muscle 
— a simple hyperplasia of the elements of the muscle 
accompanying the increase in their size. (See " Hyper- 
trophy.*') 

Steuctube. — The.myomata consist either of striated or 
of n(»-striated muscle. The former are exceedingly rare, 
only two or three exampl.es having been recorded, and 
these were congenit£il. 

The myomata of non-striated muscle consist, like the 
physiological tissue, of elongated spindle-shaped cells, 
more or less isolated or grouped into fasciculi of various 
sizes, with a varying quantity of connective tissue. The 
connective tissue is often exceedingly abundant, so much 
so, that these growths in the uterus — where they most 
frequently occur — are usually known as fibroid tumours. 
It is often necessary to macerate the tissue in dilute nitric 
acid in order to display the muscular elements, which by 
this means become isolated. The muscular fasciculi eithsx 
present a regular arrangement, or pass in ^ciSet^'o^* ^- 
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rections throngli tlie tnmonr. The blood-vessels are dis- 
tributed in the connectiye tissue. 

Development. — The mjomata probably always origi- 
nate from muscle, they are therefore homologous growths. 
In their growth they may become distinctly circumscribed 
tumours, but more commonly they remain as ill-defined 
irregular masses in the midst of the muscular tissue in 
which they grow. They not infrequently become pedun- 
culated and form polypi, especially in the uterus. 

Secondaky Changes. — Of these, the most frequent is 
calcification. Hsamorrhage, mucoid softening, and the for- 
mation of cysts, are also occasionally met with. 

The uterus is by far the most frequent seat of the myo- 
mata, and they constitute here a variety of the so-called 
fibroid tionour of the uterus. Many of these uterine 
fibroid tumours consist almost entirely of connective tissue, 
and to such the application of the term "fihroid " would 
appear to be correct. In others, however, the miLScular 
elements form so large a proportion of the tumour that it 
is more properly regarded as a muscular growth. They 
form either distinctly circumscribed tumours, or irregu- 
lar ill-defined masses in the uterine walls. Sometimes 
they project in the form of polypi into the uterine or ab- 
dominal cavities. Myomata may also occur in the prostate 
gland,, in the cesophagas, and in the stomach and intes- 
tines. In the latter situations they often become pedun- 
culated. 

Clinical OHABACTEas. — Clinically, the myomata are 
perfectly innocent. 

THE NEUROMATA. 

The neuromata are tumours consisting almost entirely 

of nerve-tissue. The term " neuroma " has been appUed 

to many growths found in connexion with nerves :— fibrous 

and gummy tumours gromag ^itloiu the nervenaheath, 

and many myomata^ \iave \)eeu. mdoAa^ ^oA^t \Js»sOMaSi« 
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True neuroma, however, is very rarely met with, and is 
amongst the least frequent of aU the new formations. 

STHUCTUEE.^-Nerve-tissue presents itself in two forms— 
the grey or medullary tissue, which consists principally 
of nerve-cells ; and the white tissue, which consists of the 
tubular nerve-fibres. New formations of medullary tissue 
have been described by Virchow in the nervous centres, 
as local or general hyperplasias of the grey matter, but 
they are so exceedingly rare that a further description of 
them will be unnecessary. It is as a new growth o£ nerve- 
fibres that the neuromata are most frequently met with. 
They resemble in structure the cerebro-spinal nerves, con- 
sisting of tubular fibres with a varying quantity of inter- 
tubular connective tissue, and in some cases a few grey 
gelatinous fibres. 

Develofhent. — The neuromata always originate from 
pre-existing nerve-tissue, — either from the cranial or from 
the spinal nerves. Their growth is slow, they rarely 
attain a large size, but usually exist as small, single 
nodules. 

The most frequent seat of these growths is the extremi- 
ties of divided nerves, where they are sometimes found 
after amputations. They exist, in this situation, as sphe- 
rical or elongated enlargements of the divided extremity of 
the nerve ; and they are usually intimately connected with 
the cicatricial tissue of the stump, from which they can 
only with difficulty be isolated. They may also occur in 
the course of the nerves in any situation, either as single 
or multiple nodules. 

Clinical Chaeactebs. — Oiinieally, the neuromata are 
for the most part perfectly innocent tumours. They are 
said, however, to have recurred locally after removal. 
They always cause considerable pain. 
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THE A.N6I0MATA. 

The angiomata, or vascular tumours, are tumours 
consisting of blood-vessela held together by a small 
amount of connective tissue. They include the various 
forms of n8Bvi» the erectile tumours, and aneurism by 
anastomosis. They may be divided into two classes — 
the simple angiomata, in which the new vessels resemble 
normal arteries, veins, or capillaries ; and the cavemotis 
angiomata, in which the blood circulates in a cavernous 
structure similar to that of the corpus c^avemosum penis. 

Simple Angiomata.— These include the various forms 
of ns&vi, and telangiectasis. They consist of tortuous 
and dilated blood-vessels, held together by a small quan- 
tity of connective and adipose tissue. The vessels are 
most of them of new formation ; some, however, may be 
the original vessels of the part which have become con- 
siderably enlarged. They most commonly partake of the 
nature of capillaries, but in other cases the arterial or 
venous characters predominate. These growths are 
usually small, superficial, slightly elevated masses; al- 
though they sometimes form larger tumours. Their colour 
is red, violet, or purple, according to the character of the 
blood which they contain. The former is much the most 
frequent. 

Cavernous Angiomata. — These include the venous vas- 
cular tumours, erectile tumours, and aneurism by anas- 
tomosis. They consist of an erectile cavernous tissue, 
closely resembling that of the coi-pus cavernosum penis. 
The growth is made up of irregular fibrous alveoli, which 
communicate freely with one another, and are lined with 
an endothelium similar to that of the veins. These spaces 
are . distended with blood, usually venous, which is sup- 
plied to them by numexoua \^T\i\xo\xs,xftssela, and circulates 
in them with varying degrees o'l x^-^\^\V3 . '^^^^"^^ ^^-^e^^ 
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are commonly of a bluish colour. Thej may be diffuse, 
or form distinctly circumscribed tumours. They often 
exhibit distinct^ pulsation. Their fayourite seat is the 
skin and subcutaneous tissue. They may also occur 
in the orbit, in muscle, and in the liver, spleen, and 
kidneys. 
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CHAPTER XXIII. 

CYSTS. 

In addition to the new growths already described, there 
is a large class of formations, many of which cannot be 
regarded as " tnmours" in the strict application of this 
term. These are the cysts or cystic tumours. 

A cyst is a cavity containing liqnid or pnltaceons ma- 
terial, which is separated from the surrounding structures 
by a more or less distinct capsule. It may be a new for- 
mation, or a pre-existing structure which has become 
distended by its own secretion, or by extravasation into 
it. The former, only, comes within the category of new 
growths, although for the sake of convenience, it will be 
advisable to consider them both under one head. 

There are thus two principal modes by which cysts ori- 
ginate — one, the most frequent, by the gradual accumula- 
tion of substances within the cavities of pre-existing 
Htructures, which are, for the most part, products of their 
own formation, being in some cases a secretion, and in 
others a cell-growth ; the other, by the independent for- 
mation of a cyst in the tissues. 

The accumulation of secretions and of other produrcts 
within pre-existing cavities, may be effected in the three 
following ways : — 

ist. By the retention of the normal secretion owing to 
the closure of the eitcxeioTy ^uc,\,^ — ^^^ wi ^^<^ occurs in 
isebaceoas glands. 
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2iid. By excessive secretion, the cavity being unpro- 
vided with an excretory dact — as in the formation of 
bursas. 

3rd. By the extravasation of blood into the cavity — an 
in hasmatocele. 

The independent formation of a eijst may take place — 

Ist. By the softening and liquefaction of the tissues in 
some particular part, owing to mucoid or fatty changes. 
The tissues around the softened matters become con- 
densed, and ultimately form a kind of cyst-wall. 

2nd. By the enlargement and fusion of the spaces in 
connective tissue, and the accumulation of fluids within 
them. The surrounding tissue becomes condensed, and 
forms a cyst- wall ; and this may, in some cases, become 
lined with secreting cells. 

3rd. By the formation of a cyst-wall around foreign 
bodies, parasites, or extravasated blood. 

Stkucttjeb. — The wall of the cyst will vary in its 
natui^ according as it is a pre-existing or a newly -formed 
tissue. In the former case, it will possess an epithelial 
lining which will present the same characters as that of 
the gland, serous membrane, or other structure, from 
which the cyst originated. If the cyst is a new growth, 
it rarely possesses an epithelial .lining, but consists simply 
of a fibrous capsule. The cyst- wall is sometimes firmly 
connected with the adjacent parts, so that it can only 
with difficulty be separated ; in other cases, the union is 
much less intimate. Instead of being a distinct structure, 
it may be simply the surrounding tissue which has become 
dense and fibrous in character. 

The contents of cysts are very various, and may serve 
as a basis for their classification. In the retention-cysts, 
they will vary with the nature of the normal secretion — 
serum, sebaceous matter, saliva, milk, seminal fluid, and 
other substances are thus found in these cysts, more or 
}eB8 altered in character from being xetame^ m ^ Otf^^^^ 
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cavitj. In the esadation-cjste, Bernm is the 
quent consiitnent ; and in extravasation-cjete, blood. In 
those cjBts which, originate from the aofteninR and break- 
ing down of tissue, the contents are the prodncts of 
retrogressive tiBsne-metamorphoaia, and osnally consist 
largely of mncin, fatty matters, and Bemm. 

Skcondaby changes. — These may take place in the wall 
of the cyst, or in its contents. The cyst-wall itself may 
become the seat of new growths, and produce secondary 
cysts, villouB, glandular, and other Btmotnrea : — this 
occurs in many compound ovarian cyiitB. It may alao 
be the seat of an inflamma.tory process, which terminates 
in suppuration and granulatioii, and by this means Uip 
cyst frequently becomaa obhterated, its contents being 
either absorbed or diaoliai^ed externally, and the cavity 
closing by granulation. Calcification and ossiiication of 
the wall may alao occur. The contents of cysts undergo 
various changes, owing to their retention in a closed 
cavity. The secretions become altered in characteri 
thickened and viscid. Epithelial elements undergo fatty 
changes, and so give rise to cholesterin crystals. Cal- 
cification of the contents ift also common. 

Cjate may be siiitpla o-r eainjioiiTui. A simple cyst 
consists of a single loculas. A compound or multilocular 
cyst is one consisting of numerous loculi, which either 
communicate with one another, or remain isolated. Ano- 
ther variety of compound (yat, consists of a cyst with 
endogenous growths, the larger eyst having others grow- 
ing from itB walla. A compound cyst may become a, 
simple one by the destruction of its walls. 

Cysts are irequently aasociated with other growths, 
hence the terms — "eyatic-aarcoma," " cystic-canot 
It is especially in those growths which originate ii 
dular structures, as in the mamma, testicle, and 
that this combination, is uiet with. The cystio develop^' 
meat maj almost entireVy obU^TB,\j£ 'CaQ «^.x^^<^j>^e, tfi. -^ 
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Monr in wHich it takes place, so that nltimately the 
tter becomes converted into a combination of cysts. 
I other cases large portions of the tumour grow into 
le cystic cavities. Considerable difficulty is thus not 
ifrequently caused in determining the nature of the 
iginal growth. 

Classipication. — Cysts may be most conveniently clas- 
sed according to their mode of origin, thus : — 

CLASSIFICATION OF CYSTS. 

I. Cysts formed by the accum/ulation of suhstcmces with- 
VII the cavities of pre-existidg structures. 
A. Retention Cysts. — Cysts resulting from the re- 
tention of normal secretions. These include — 
a. Sebaceous Cysts, — These are formed by the 
retention of secretions in the sebaceous 
glands. Such are comedones and athero- 
matous tumours. 
p. Mucous Cysts. — These are formed by the reten- 
tion of secretions in the glands of mucous 
membranes. 
y. Cysts from the retention of secretions in other 
penis, including — ^Ranula, from occlusion of 
the salivary ducts ; Encysted Hydrocele, from 
occlusion of the tubuli testis; cysts in the 
mammary gland, from obstruction of the 
lacteal ducts ; simple, and some compound 
cysts of the ovary, from dilatation of the 
Graafian follicles; and simple cysts of the 
liver and kidneys. 
B. Exudation Cysts. — Cysts resulting from exces- 
sive secretion in cavities unprovided with an 
excretory duct. These include BurssB, Ganglia, 
Hydrocele^ and many cysts in the broad liga« 
ment. 



184 CYSTS. 

0. ExTBAVASATiQN. Ctsts. — Gjsts tesTilthig from 
extrayasation into closed cavities. These in- 
clude Hsematocele, and some other forms of 
sangoineons cysts. 
II. Oysts of i/ndejpendent origi/n, 

A. Cysts from Softening of Tissues. — These are 

especially common in new formations, as in 
enchondroma, lipoma, sarcoma, &c. 

B. Cysts from Expansion and Fusion of Spaces 

IN Connective Tissue. — ^These include — 
a. BurscBy originating from irritation and exuda- 
tion into the tissues. 
P, Serous cyst^ in the neck (ofben congenital). 
y, Mcmy compound ovaricm cysts.* 

C. Cysts formed around Foreign Bodies, Extra- 

vasated Blood, and Parasites. 

D. Congenital Cysts. — These include many Der- 

moid cysts. These appear often to be the 
remains of blighted ova. They contain fatty 
matters, hair, teeth, bones, &c. 



* See Dr. "Wilson Fox, on Cystic Tumours of the Ovary, " Med. 
Chir. Soc. Trans.," vol. xlvii. 
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INFLAMMATION. 

The morbid processes wliicli have thus far been de- 
scribed, have been mainly characterized by some altera- 
tion in the normal nutrition of the histological elements ; 
either by a diminution in their nutritive activity — as in 
atrophy and the degenerations, or by an increase — as in 
hypertrophy and the new formations. In the process of 
inflammation, an alteration in nutrition also plays a pro- 
minent part, but changes in the blood-vessels and in the 
circulation are its essential and most important con- 
stituents.* 

Inflammation is the succession of changes which takes 
place in a tissue as the result of some kind of injury, 
provided that this injury be insufficient immediately to 
destroy its vitality. With regard to the nature of the 
injury — it may consist in some direct irritation of the 
tissue, either by mechanical or chemical agents, or by 
Substances conveyed to it by means of the blood-vessels 
or lymphatics ; or in an indirect irritation, as in some cases 
of inflammation of internal organs arising from exposure 
to cold. In all cases, however, some injurious stimula- 



♦ With regard to the general pathology of Inflammation, the 
reader is especially referred to the works of Virchow, Cohnheim, 
Strieker, and Burdon-Sanderson. The most able article by Professor 
Sanderson, in the &fth volume of "Holmes's S-yst^m ol S\«%««r5" 
oontaina an admimble exposition of what is knovra. on ^'fe ^\^^"\<iOL. 
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tion of the tissue precedes the occurrence of the local 
changes which constitute the inflammatory process. 

The exact 'nature of these changes has, for the most 
part, been ascertained during the past six years, mainly 
owing to the experimental researches of Professors Cohn- 
heim, Strieker, and Burdon- Sanderson. The method of 
investigation has consisted in the artificial production 
of inflammation in the lower animals, and the obser- 
vation of the process as thus induced. The process com- 
prises — 

Ist. Changes in the hhodrvessels cmd cvrculcUion. 
2nd. Exudation of liquor scmguinds and migraiion of 
white hlood'corpusdes ; and 

3rd. Alterations in the nutrition of the infla/med tissue. 
It will be well, in the first place, to consider each of 
these separately, in the order in which they occur, and 
subsequently to endeavour to point out how far a causal 
relation exists between them. 

I. Changes in the Blood-vessbub and Cibculation.— 
Changes in the blood-vessels and circulation, resulting in 
increased vascularity, have ever been regarded as playing 
a most important part in inflammation, as upon them 
principally depend those signs of the process which are 
most obvious during life. The redness, heat, and swell- 
ing, which are so constantly met with in inflamed tissues, 
are in great measure due to the attendant hypersBmia. 
The swelling, however, is in most cases dependent rather 
upon the effusion and cell-growth, than upon the over- 
fulness of the blood-vessels. 

These changes in the blood-vessels and circulation are 
essential constituents of inflammation, both in vascular 
and in non-vascular tissues. In the latter, which com- 
prise the cornea and cartilage, they take place in the 
adjacent vessels from which these tissues derive their 
nutritive supply. The nature of these vascular changes 
has been studied by tloie artV&cisX '^To^^NkorcL q\ \xAsss&l<> 
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matioii in transparent tissnes, in wliich the circulation 
can be readily observed ; the web and mesentery of the 
frog, and the wing of the bat, being most convenient 
for this porpose. The phenomena, as observed in the 
mesentery of the frog, may be thus briefly described: — 

The first effect of irritation of the mesentery — mere ex- 
posure to the air being sufficient for the purpose — is to 
cause dilatation of the arteries, and after some interval, 
a similar dilatation of the veins. The dilatation of the 
arteries commences at once, and is not preceded by any 
contraction. It gradually increases for about twelve 
hours, and is accompanied also by an increase in the 
length of the vessels, so that they became more or less 
tortuous. This enlargement of the blood-vessels is 
associated at the commencement of the process with an 
acceleration in the flow of blood ; this, however, is soon 
followed by a considerable retardation in the circulation, 
the vessels still remaining dilated. These alterations in 
the rapidity of the blood- flow cannot be owing to the 
increase in the calibre of the vessels, which remain 
throughout dilated. The relation which subsists between 
the two phenomena is unknown. 

The retardation of the circulation usually commences 
somewhat suddenly, and is first observable in the veins. 
The rapidity of the current varies, however, in different 
vessels. In some — both arteries and veins — it may be 
more rapid, in others, very slow, oscillating to and fro, or 
even completely stagnant; these differences occurring 
perhaps in contiguous vessels, without any obvious 
cause. The capillaries and small arteries often present 
at the same time numerous irregular bulgings and con- 
tractions ; in many parts they may be distinctly aneu- 
rismal and varicose. 

As the circulation becomes slower, the white blood- 
corpuscles (leucocytes) accumulate in the veins. Their 
natural tendency to adhere to the Bidoa oi \^^ ^^'^'^ S& 
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increased, so that they may nearly fill the tobe. At the 
same time they exhibit actiye movements, by means of 
which they penetrate the walls of the vessels and pass 
into the surrounding tissues. This phenomenon will be 
described under the head of " Exudation of Liquor San- 
guinis and Migration of White Blood-Corpuscles." The 
absolute number of white blood-corpuscles may also be 
increased owing to the irritation of the lymphatic 
structures in the vicinity of the inflamed tissue. 

Stasis.^The gradual diminution in the rapidity of the 
circulation and the accumulation of the blood^corpuscles 
in the vessels may be ultimately followed by the complete 
stagnation of the current, constituting the condition long 
known as inflammatory stasis. When this has occurred, 
the red corpuscles which have accumulated in the capil- 
laries are seen to adhere to one another and to the sides 
of the vessels, and they may become s6 closely packed 
that their outlines can scarcely be distinguished. 

n. Exudation of Liquoe Sanguinis and Migbation 
OP White Blood-Corpuscles. — Another constituent of 
the inflammatory process consists in the exudation of the 
liquor sanguinis and the migration of the white blood- 
corpuscles. 

a. Migration of White Blood-Corpusdes, — ^The migra- 
tion of white blood-corpuscles (leucocytes) through the 
walls of the blood-vessels was first described, although 
very incompletely, by Dr. W. Addison in 1842.* This 
observer stated as the result of his researches, that in 
inflammation these corpuscles adhered to the walls of 
the vessels and passed through them into the surround- 
ing tissues. In 1846 Dr. Augustus Waller described 
more fully the same phenomenon, and from his descrip- 
tion there can be little doubt that he actually observed 



* "Experimental and Practical EftacarcliQa on Inflammation," 
Trans. Frov. Med, AsaocUAwn^ \^^. 
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the emigration of the corpuscles.* Both these observers 
concluded that the escaped blood-corpuscles became pus- 
corpuscles. Their observations, however, were but little 
thought of and were soon forgotten, and it was not until 
1867, when similar investigations were instituted quite 
independently by Professor Cohnheim, of Berlin — to 
whose minute researches we must ascribe most of our 
present knowledge on this subject — that the emigration 
of blood-corpuscles came to occupy an important place in 
the pathology of inflammation. 

The emigration may be observed in the mesentery of 
a frog which has previously been paralysed by the sub- 
cutaneous injection of curare. The changes in the 
blood-vessels and in the circulation, and the accumulation 
of blood-corpuscles in the part, have been already de- 
scribed ; it remains only to consider the phenomena of 
emigration. 

The white blood-corpuscles (leucocjrtes) which have 
accumulated in large numbers, especially in the veins, 
remain almost stationary against the walls of the vessel, 
the blood-current passing by them, although with much 
diminished velocity. Those immediately adjacent to the 
wall, gradually sink into it, and pass through it into the 
surrounding tissue. In doing so they may be observed 
in the various stages of their passage. At first small 
button-shaped elevations are seen springing from the 
outer wall of the vessel. These gradually increase until 
they assume the form of pear-shaped bodies, which still 
adhere by their small ends to the vascular wall. Ulti- 
mately the small pedicle of protoplasm by which they are 
attached gives way and the passage is complete, the cor- 
puscle remaining free outside the vessel. 

In explanation of this phenomenon — there can be no 
doubt that the passage of the corpuscles is eflected by 

• PhU. Magazine, vol. xxix. 1B46. 
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virtue of tlieir own amoeboid activity, by means ol wbicli 
tbey penetrate the walls of tbe vessels. The capillaries 
are now known to consist of protoplasm, and Hence tbe 
penetration of tlieir contractile walls by the amoeboid 
corpnscles, and the subsequent closure of the openings 
when the transit is completed, can be readily understood. 
The corpuscles having escaped from the vessels into the 
surrounding tissues, continue to exhibit active move- 
ments. They may multiply by division, and thus rapidly 
increase in number : this will be again referred to when 
speaking of the origin of pus. 

Not only is there an emigration of white blood-cor- 
puscles in inflammation, but the red corpuscles also pass 
through the walls of the blood-vessels, though in much 
less considerable numbers ; and their transit is mainly 
through the walls of the capillaries. This passage of the 
red corpuscles takes place in simple mechanical conges- 
tion, it may be observed in the web of a frog in which 
the circulation has been artificially arrested by ligature 
of the femoral vein. (See " Mechanical Hypersemia.") 

^. Bxudation of lAquor Sanguinis, — ^Associated with 
the passage of the blood-corpuscles through the walls of 
the vesselH, is an exudation of the liquor sanguinis. The 
exuded liquor sanguinis — which constitutes the well- 
known inflammatory effusion — differs from the liquid 
which transudes as the result of simple mechanical con- 
gestion, inasmuch as it usually contains a larger propor- 
tion of albumen and fibrinogenous substance, a pro- 
portion which increases with the intensity of the in- 
flammation. It also contains an excess of phosphates 
and carbonates. 

The most characteristic feature of inflammatory 

effusion is the large number of cell-structures which it 

contains. These are the direct product of the inflamed 

tissue, and are in no case genexaXi^^ s^xAajaftously in the 

effused liquid. Most o£ t\iem «bT^ Tssa^^^\ '^osA.- 
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oorpnscles, others are deriyed from the proliferatmg 
elements of the tissue. The quantitj and nature of the 
effusion will thus vary with the tissue inflamed, and with 
the severitj of the inflammatory process. In non-yas* 
cular tissues, as cartilage and the cornea, exudation can 
only occar to a small extent from the neighbouring 
vessels, and hence the effusion is small in quantity. In 
dense organs, as the liver and kidney, owing to the com- 
pactness of the structure, a large amount of eflusion is 
impossible, and what there is, is so intermingled with the 
structural elements of the organ that it does not appear 
as an independent material. In the kidney it escapes 
into the urinary tubes and so appears in the urine. The 
effasion is most abundant, and constitutes an important 
visible constituent of the inflammatory process, in in- 
flammation of those organs which possess a lax structure 
and in which the vessels are but little sapported — as the 
lungs, and in tissues which present a free surface — as 
mucous and serous membranes. 

m. Alterations in the Nuteition ojt the inflamed 
Tissue. — The remaining constituent of the inflammatory 
process consists in an alteration in the nutrition of the 
elements of the inflamed tissue. The nutritive changes, 
although they may differ according to the structure of the 
part, are all characterized by an increase in the nutritive 
activity of the cellular elements. 

The nature of these nutritive changes has for the most 
part been ascertained by the investigation of tissues in 
the lower animals, in which inflammation has been arti- 
ficially induced. In man, the study of the primary lesions 
is difficult, owing to the fact that the process can rarely 
be observed in its earlier stages. These changes will be 
more fully described when considering inflammations of 
particular organs and tissues ; it will be sufficient in the 
present place merely to indicate their general chatojctftx^, 

ITie alteration in nutrition, as alxeadLy €^^\ii^^/'v^ Ot^<f 
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racterized by an exaltation of the nutritiTe fixncJtions oC 
the cellular elements of the tissnes involved in the inflam* 
matory process. This is evidenced by an increase in the 
activity of those elements which normally exhibit active 
movements, as the amoeboid cells of connective tissne and 
of the cornea. Cells,- which under normal circumstances 
undergo no alterations in form and exhibit no active 
movements, become active — sending out processes, and 
undergoing various alterations in shape. (Fig...46.) This 
increase in the activity, and variation in the form of the 

Fig. 46. 




Amoeboid Leucocytes, (v. Becklinghausen.) 

cells, is usually accompanied by the growth of their pro- 
toplasm, and frequently by its division, and thus by the 
formation of new cells. In many cases the protoplasm, 
as it increases in bulk, becomes cloudy and granular, so 
much so as frequently to completely obscure any nuclei 
which it may contain. This occurs especially in epithelial 
elements, and it constitutes the condition known as 
" cloudnj swelling" It is well seen in the glandular 
epithelium of the kidney in acute tubal nephritis. (See 
Figs. 76, 76.) The granules are readily distinguishable 
from fatty particles, inasmuch as they are quickly dis- 
solved by dilute acetic acid. 

This increased activity of the cellular elements varies 

considerably in different tissues, and even in the elements 

of the same tissue. Some cells exhibit active movements 

and form new cells much more readily than others. 

Those tissues, for example, ^Hch. naturally maintain 

ihemaelyeB by the multip\ica.t\on. oi ^i)Cisa €^^\£ist^ ^A^<i 
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apithelial tissues, become active rery readily in inflam- 
■nation, very slight degrees of irritation being sufficient 
bo cause in them rapid cell-proliferation. This is seen in 
Inflammation of mucous membranes, and of the epider- 
mis. In tissues, on the other hand, whose elements nor- 
mallj exhibit no tendency to multiplication, as cartilage, 
sictive changes are much less readily induced, the cells 
are much more stable and multiply with far less facility, 
and if the inflammation is slight, they may not multiply 
at all but simply become enlarged and undergo some 
alteration in form. Lastly, in the higher tissues, the 
stability of the elements reaches its maximum, and in 
nerve-cells no increase of activity can be induced. 

Different cells in the same tissue exhibit also different 
degrees of stability. In common connective tissue and 
the cornea, for example, the amoeboid cells are the least 
stable, and are the first to multiply. Possibly the age of 
the cells may influence their tendency to become active, 
the newer being less stable than the older elements. 

The earliest nutritive change is thus one of cell-growth 
and cell-proliferation; the subsequent ones are charac- 
terized either by impairment of nutrition and the dege- 
neration and death of the newly-formed elements, or by 
the development of these into a permanent tissue. As a 
rule it may be said, that the new cells are less developed 
than those from which they originated, much more prone 
to undergo retrogressive changes, and if they form a new 
tissue, this is inferior in its organization to that of the 
original structure. If the inflammatory process be of 
considerable severity and stasis be induced in a wide 
area of the tissue, the nutrition may become completely 
arrested and gangrene be the ultimate result. (See 
" Causes of Grangrene.") The tendency of the new ele- 
ments to undergo progressive development will vary with 
the tissue involved, and with the intensity of the inflam- 
mation. The more intense the inflammatioii, ^"^ xs^ot^ 

o 
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abortiye are the joung ceUs, and the less is their ten- 
dency to form a permanent tissne. (See *' Acute and 
Chronic Inflammations.") 

In connective tisanes, these changes in the cells are 
necessarily accompanied by changes in the intercellnlar 
substance. The latter are for the most part characterized 
by softening. In common connective tissne, the fibres in 
the first place become succulent and less distinct^ and 
ultimately they are completely destroyed; in cartilage, 
the matrix softens and liquefies ; in bone, the lime-salts 
are removed, the lamellaa disappear, and the osseons 
structure becomes converted into medullary tissue. Hence 
the destructive effects of the inflammatory process. 



Having thus briefly described the succession of changes 
which occurs in the process of inflammation, it remains 
to consider in what way these result from the injurious 
stimulation of the tissue, and how far a causal relation 
subsists between them.* 

The first apparent change which follows the irritation 
of the tissue, consists in the dilatation of the blood-vessels 
and in an acceleration of the flow of blood. Bespecting 
the cause of this primary vascular phenomenon — ^recent 
physiological investigations show that a similar dilatation 
of the vessels and increase in the activity of the circula- 
tion is produced by the excitation of a sensory nerve in 
those parts in which the nerve originates ; and it must 
be regarded as in the highest degree probable, that the 
primary vascular phenomena in inflammation are in the 
same way owing to an injurious impression received by 
the sensory nerves being reflected by the vaso-motor 
centre to the vessels. How such an excitation of the 



* The following conclusions are in the main those arrived at by 
Professors Strieker and B\iidou.-^«buAsTc«,Qi\i.— flb^mM** i^ttem If 
^Surgery, vol. V. 
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nerve produces dilatation of the vessels and increased 
rapidity of the circulation is, however, unknown. 

With regard to the cause of the retardation of the 
blood-stream which so quickly succeeds its acceleration, 
and which may ultimately terminate in complete stasis — 
the observations of Professor Lister and Dr. Evneck tend 
to show that it consists in some alteration in the proper- 
ties of the walls of the hlood-vessels through which the 
blood passes, and not in changes in the blood itself. 
The accumulation of the red blood-corpuscles in the 
inflamed part, and their adhesion to one another and to 
the walls of the blood-vessels (see " Stasis"), Professor 
Lister considers to be owing to their natural tendency 
to cohere together when in abnormal circumstances, such 
as often occurs after their removal from the body ; and 
he says that this tendency is not greater in the blood of 
inflamed tissues than in normal blood.* He also finds 
that the aggregation is as marked in blood which has 
been defibrinated. These observations seem to point to 
some alteration in the walls of the vessels as the cause of 
the stasis, and not to any abnormal condition of the 
corpuscles themselves. The investigations of Dr. Ryneck 
tend to confirm the same view.f Dr. Eyneck has 
shown that stasis may be produced in the web of a frog, 
in which milk or defibrinated blood has been injected in 
place of the normal blood ; and also that in vessels, the 
vitality of which has been destroyed or altered by the 
injection of poisonous metallic substances, no statis can 
be produced. These results appear to be conclusive, and 
show that the retardation and ultimate stagnation of 
the blood-stream in inflammation, are owing to some 



♦ "On the Early Stages of Inflammatioii."— PAitosop*. Trans. 

1858. 

f Byneck, " Ziir Kenntniss der Stase des Blutes in den Gef&saen 
Entziindeter Tben0."—BoUeVa UnterswHu cnu dem iKvst^ltvJte ^ut 
7*J^^, u, Ifistol, in Oraz. 

o2 
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alteration in the vital properties of the walls of the 
blood-vessels with which the circulating blood oomes into 
contact. 

The exudation of liquor sanguinis and migration of 
white blood-corpuscles, which take place coincidently with 
the retardation of the blood- stream, are so closely asso- 
ciated with it, that they must be regarded as being de- 
pendent upon the same cause. The walls of the blood- 
vessels appear to become so altered, that they not only 
cause stagnation of the circxdation, but at the same time 
permit the hquor sanguinis to ^transude with abnormal 
faciHty, and the white blood-corpuscles to penetrate 
them. 

The remaining constituent of the inflammatory process 
— the alteration in the nutrition of the inflamed tissue — 
succeeds the changes in the circulation and the exudation. 
Respecting the cause of the increased nutritive activity 
of the cellular elements which characterizes this tissue- 
change — it is probable that it is for the most part the 
result of the stimulation of the cells by the liquor san- 
guinis exuded from the blood-vessels. This conclusion is 
mainly based upon the well-known experiment of Professor 
Strieker, which consists in the excision of the cornea of a 
frog, and its insertion beneath the membrana nictitans of 
the opposite eye, in which inflammation has been previously 
induced. The transplanted cornea, when removed in the 
course of twenty-four hours, exhibits all the anatomical in- 
flammatory changes observed in the unexcised cornea of 
the opposite eye. Hence Strieker concludes that the struc- 
tural changes in inflammation of the cornea of the frog 
are owing to the stimulation of its elements by the liquid 
exuded from the blood-vessels, and are quite independent 
of nervous influence. That the increased nutritive acti- 
vity of the elements of the inflamed tissue is, however, in 
every inflammatory proceaa tlcL^ xesult of their stimulation 
by the exuded liquor sangTaixna, <i^iELTi^\i\i^ x^^^ax^s^ "^Xs^ 
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any means certain. It is possible tliat the cellular ele- 
ments may be stimulated to increased activity by means 
of impressions conveyed to them through the nervous 
system, and also that an irritation received by one element 
miay be transmitted to another. This latter hypothesis, 
however, is not a probable one. 



Suppuration. — Suppuration, and the formation of ab- 
scesses, is a very frequent result of the inflammatory 
process; it occurs much more frequently, however, in 
some inflammations than in others. As a rule it may be 
stated that the more intense the inflammation the more 
abundant is the formation of pus. 

The essential constituents of pus are cells and a liquid 
in which they are suspended. The liquid closely re- 

FiG. 47. 



Pus-corpuscles as seen after death, a. Before, h. after, 
the additiou of dilute acetic acid, x 400. 

sembles the liquor sanguinis. It contains albumen, pyin, 
chondrin, fatty matters, and inorganic substances. The 
cells, or jpus-coirptbsdes (leucocytes) are indistinguishable 
from tlie white corpuscles of the blood. They are spheri- 
cal, spheroidal, or irregular shaped semi-transparent 
bodies, from 2T00 ^^ 35^)0 of an inch in diameter, contain- 
ing a varying number of granxdes, and usually one or 
more distinct nuclei. (Fig. 47.) The addition of dilute 
acetic acid causes the cells to swell up ; they become more 
spherical and transparent, and the nuclei are rendered 
more apparent. The size of the corpuscles and nuclei, 
and the number of the granules, present manifold varia- 
tions, PnB'Corpnsclea, like white \)lood-coT^u'a^<i'&,\T^s:^^'' 
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oorpnscles, and many other yonng cell-forms — all of wliicli 
are included under the common term of " leucocytes" '^we 
masses of contractile protoplasm. They possess the power 
of spontaneous movement, and may undergo continuona 
alterations in form, or ndgrate in the tissues. (See Fig. 46.) 
They may also multiply by division. 

The mode of origin of pus has lately been the subject of 
much controversy. The liquid ingredient proceeds directly 
or indirectly from the blood, it is the exuded liquor san- 
guinis : about this there is no dispute. The difference of 
opinion which exists is respecting the origin of the formed 
elements. Without discussing the theories which have 
been advanced by different pathologists, it must now be 
admitted that there are at least two sources from which 
the corpuscles of pus may be derived— one from the 
hlood, and the other from the inflamed tissues. 

It has been seen that in the process of inflammation, in- 
numerable white blood-corpuscles pass out of the vessels 
into the surrounding tissues, and as these are indistin- 
guishable from pus-corpuscles, it must be conceded that 
one mode of origin of pus is from the blood. Further, the 
white blood-corpuscles may multiply by division, and thus 
it is probable that by this means the production of pus is 
greatly increased. 

The other source from which the corpuscles of pus are 
derived, is from the cellular elements of the inBamed 
tissue. These, as has been described, are the seat of active 
changes in inflammation ; they may multiply and form 
new cells, and the more intense the inflammation, the 
more lowly organized are the newly formed elements, and 
the less is their tendency to form a permanent tissue. 
Some of these newly formed cells constitute pus-cor- 
puscles. These, in this case must be regarded as young 
elements resulting from the proliferation of the tissue, 
which are of low vitality, aTi^aooia.^«nsl:L. Pus-corpuscles 
may probably or^nate m \»\Qia '^^u^ ,ixQia. 'Oask ^x0^^c«^t\. 
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of 'any tissue witli the exception of nerve, either by simple 
division or bj endogenous multiplication. 

Although the formed elements of pus may thus be de- 
rived both from the blood and from the inflamed tissue, 
there can be no doubt that the former is their principal 
source^ and that they are in the main migrated blood- 
corpuscles. In the earlier stages of the inflammatory 
process, they are mostly, if not aU, emigrants ; but in the 
later stages it must be admitted that they may also be 
derived from the cells of the inflamed tissue. 

Such being the modes of origin of pus, it is evident that 
the more abundant the escape of blood-corpuscles, and 
the more active the proliferation of the elements of the 
inflamed tissue, the greater wiH be the formation of pus, 
and hence the greater its tendency to collect so as to form 
abscesses. It is consequently in those inflammations 
which are the most concentrated and the most mtense-" 
provided that the injury is not sufficiently severe to cause 
instantaneous stasis — that the formation of pus is most 
abundant. The greater the injury sustained by the walls 
of the blood-vessels, the more readily will the blood- 
corpuscles penetrate them, and hence the more abundant 
will be the formation of pus. In inflammations of less 
intensity the escape of blood-corpuscles is less abundant, 
and the proliferation of the tissue less active, so that pus 
is not produced in sufficient quantities to cause its collec- 
tion in the form of an abscess. 

Pus exercises a most injurious influence upon the 
surrounding tissues. The pus-corpuscles appear to be 
endowed with the power of absorbing the tissues with 
which they come in contact, or, at all events, of causing 
their liquefaction. Hence the softening and disintegra- 
tion of the tissues which constitute such a destructive 
element in intense inflammations. 

Pus which has remained for any length of time in the 
idssnes nndergoea certain changes -, "tika^ \\>^ ^^^-m&T^^Tsi^ 
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undergo fatty metamorpliosis, and thus be rendered ca- 
pable of absorption. If the pns is confined in a closed 
cavity, its liquid portions become absorbed, its cells atro- 
phy, and it may gradually dry up into a caseous mass, 
whicli may subsequently become calcified. 

Varieties op Inflammation. — Inflammation exhibits 
certain variations in its characters according to the severity 
of the irritation which produces it. The more severe the 
irritation upon which the inflammatory process depends, 
the greater will be the damage sustained by the blood- 
vessels, and consequently — if instantaneous stasis be not 
produced — the greater will be the tendency to the exuda- 
tion of liquor sanguinis and to the emigration of leucocytes. 
Hence it is in inflammations of considerable severity that 
the vascular phenomena are often so pronounced, the 
formation of pus so abundant, and the softening and dis- 
integration of the tissues so considerable. Such inflam- 
mations, inasmuch as the action of the irritant which 
produces them is for the most part of short duration, are 
sometimes designated acute inflammations. 

In inflammations of less intensity, in which the damage 
sustained by the blood-vessels is less severe, the textural 
changes occupy a more prominent place, whereas the 
vascular phenomena are usually much less marked, and 
the formation of pus is less abundant. The precise 
nature of these textural changes must obviously partly 
depend upon the characters of the tissue which is the seat 
of the inflammation, but variations are also produced 
according to the severity of the irritating agent. It 
appears to the author to be probably true — that the less 
severe the irritant which produces the inflammation, the 
more do the resulting textural changes tend to be lindted 
to the connective tissue which is im/mediately adjacent to 
the hlood'vessels and lymphatics ; whereas in inflammations 
of somewhat greater intensity more distant elements be- 
come involved. This is seen, for example^ in inflammatory 
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processes in the Mdneys and in mncons membranes. In 
the former, the least severe forms of inflammation are 
characterized anatomically by an increase in the con- 
nective tissue around the blood-vessels (see '* Interstitial 
Nephritis") ; whilst in inflammations of presumably some- 
what greater intensity, the prominent textural change 
consists in swelling or proliferation of the epithelium 
within the tubules (see " Tubal Nephritis"). In mucous 
membranes also, the more severe inflammations are 
attended by epithelial proliferation, the less intense and 
more chronic by changes in the submucous connective 
tissue. "With regard to the cellular elements in which 
these active changes take place — ^they are probably those 
which are the most intimately connected with the lym- 
phatic system — ^viz., the cells of the connective tissue, and 
the endothelium of the lymphatics and of the blood- 
vessels. The tendency of the textural changes resulting 
from the least severe forms of inflammation to be limited 
to the connective tissue immediately adjacent to the 
blood-vessels and lymphatics, gives to these inflammations 
certain peculiarities. The new tissue originating around 
the vessels — consisting in the earlier stages mainly of 
small round cells, but xdtimately becoming developed into 
a more or less completely fibriUated structure — ^leads to an 
moh/ration of the organ in which it is situated, and very 
constantly, to the subsequent atrophy and retrogressive 
metamorphosis of its other histological elements. These 
changes will be more fully considered when treating of 
inflammation of the individual organs and tissues. (See 
"Inflammation of Common CJonnective Tissue," "Cir- 
rhosis of the Liver," &c.) These least severe forms of 
inflammation, inasmuch as the irritant which produces 
them is not only of slight severity but is usually also 
prolonged in the duration of its action, are often known 
as chronic inflmn/mations. 
Inflammations have received different names accord- 
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ing to the natwre of the injury upon which they depend. 
Those inflammations which result from external injuries, 
mechanical or chemical violence, are called trcmmatic. In 
those cases in which the injurious stimulation of the 
tissue is owing to the transmission of infectiye materials 
by means of the blood-vessels or lymphatics from some 
local infecting centre, as in pysemia and acute miliary 
tuberculosis, the resulting inflammations are called m- 
fectwe. Inflammations in which the nature of the injury 
is not obvious, are usually called icUopathic, Lastly, the 
nature of the injury may give to the inflammatory process 
certain peculiarities* The contagium of small-pox, for 
example, gives rise to inflammation of the skin, constitnt* 
ing the " rash" ; that of syphilis, to certain inflammationB 
of the skin, mucous membranes, and other tissues ; and 
that of typhoid fever, to inflammation of the intestinal 
lymphatic structures. In aU these and numerous similar 
cases, the nature of the irritant impresses upon the in- 
flammation certain peculiarities, and in so far as the 
former is specific, the latter may be called specific inflam- 
mations. 

Of these different varieties of inflammation, the in- 
fective inflammations, including pysBmia and acute tuber- 
culosis, and the specific inflammations resulting from the 
poison of syphilis, will^be separately considered in the 
next following chapters. The pathology of inflammation 
will then be still further elucidated by the study of the 
process as it occurs in the various tissues and organs. 



CHAPTER XXV. 

ACUTE TUBERCULOSIS. 

Bt acute tuberculosis is understood, a general infective 
disease, which is characterized anatomically by the oc- 
currence of numerous minute nodular lesions more or 
less generally disseminated in the various organs and 
tissues. The generally disseminated nodular lesions, 
which are characteristic of the disease, appear to be in- 
flammatory growths, resulting from the distribution of 
infective materials (probably minute particles) by means 
of the blood-vessels or lymphatics from some primary 
inflammatory product. They are, therefore, the ana- 
tomical results of an infective inflammatory process, and 
they constitute what have long been known as milia/ry 
i/uberdes. 

Our knowledge of acute tuberculosis and of its anato- 
mical result — tubercle, has until quite recently been in- 
volved in obscurity ; but at the present time — owing in 
great measure to scientific experimental research — ^it may 
be regarded as being tolerably complete. According to 
the older doctrines, which were based upon the teaching of 
Laennec, tubercle was looked upon as a specific non-inflam- 
matory growth which originated spontaneously in the 
tissues. Further, this new growth was characterized by 
the regular succession of changes which it invariably under- 
went : — ^it was first grey and translucent, then became 
opaque, and ultimately caseous. Hence in its earlier stages 
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it was known as grey, in its latter, as yeUow tubercle. 
Caseous metamorphosis was held to be such a distingmsli- 
ing peculiaritj of the growth, that all caseous masses were 
regarded as tubercular, and the term " tubercle" came to 
be applied indiscriminately to all pathological products 
which had undergone this form of degeneration, and 
which in their colour and consistence somewhat re- 
sembled soft cheese. Caseation, however, as already 
stated, is a common result of the retrograde metamor- 
phosis of many growths which are destitute of or con- 
tain but few blood-vessels, and which consist of closely- 
crowded cellular elements ; and although it may occur to 
a greater or less extent in tubercle, it is by no means 
specially characteristic of this morbid growth. (See 
"Caseation.") For this much wider extension of the 
pathological significance of caseous degeneration we are 
mainly indebted to Professor Yirchow. 

The infective nature of acute tuberculosis was first pro- 
mulgated about sixteen years ago by Buhl, who stated 
that in the majority of cases of this disease, indurated 
masses which had become caseous existed in some part 
of the body, and that to the absorption of substances 
from these infective centres the general development of 
the tubercle was owing. He further stated that in those 
cases in which the tubercles were confined even to limited 
portions of a single organ, they were also secondary to 
old inflammatory lesions. This view of the pathology of 
the disease has since been considerably strengthened by 
the results which have been obtained from the artificial 
production of tuberculosis in the lower animals. 

The experimental investigation of acute tuberculosis 
was commenced by Yillemin, and subsequently followed 
out by Burdon- Sanderson, Wilson Fox, Cohnheim, 
Klebs, and others. The method of investigation con- 
sisted either in the inoculation of various inflammatory 
products — for the most part products of chronic inflam- 
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mations — or in the production of a local inflammatory 
induration by the introduction of setons and of other 
foreign bodies beneath the skin. Of inflammatory pro- 
•ducts Dr. Sanderson found that none proved so active as 
that obtained from the indurated lymphatic glands of 
an animal already suflering from the disease. In both 
cases, after a certain lapse of time, disseminated inflam- 
matory lesions were produced in various organs and 
tissues — lesions which presented a special tendency to 
become caseous at their centres. It was also found that 
the distribution of these lesions varied according ae the 
infective materials were introduced into the blood- 
vessels or lymphatics, clearly proving that they resulted 
from the dissemination of infective substances by means 
of the blood and lymph streams. The results of these 
experiments therefore show that the circulation of the 
products of certain chronic inflammatory processes is 
followed by the occurrence of disseminated inflammatory 
indurations — ^in other words, by a general tuberculosis. 

The lesions produced, however, in artificial tuberculosis 
differ somewhat from those met with in the natural 
disease as it occurs in man. In man the lesions consist 
for the most part of small greyish miliary nodules 
("grey tubercles"), many of which tend to become 
fibrous, whilst others undergo retrogressive changes, 
and ultimately .caseate ii\ their centres. In the disease 
as artificially induced in the lower animals, on the other 
hand, although many of the lesions are miliary nodules, 
there are associated with these in various organs difi'used 
tracts of consolidation, and these often constitute the 
more prominent structural changes. Further, the ten- 
dency to caseation is much more marked in the lesions 
artificially induced than in those met with in man. 
These differences, however, are probably to be regarded 
as resulting from differences in the intensity of the 
infective agent, and from peculiarities in the morbid 
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tendencies of the tissues involved, and not as any 
evidence of a want of analogy in the pathology of the 
two diseases. 

With regard to the source of infection in the natural* 
disease as it occurs in man — ^the masses of caseous in- 
flammatory induration which are in the great majority 
of cases to be found in some part of the body, must be 
regarded, as indicated by Buhl, as the infective centres 
from which the infective materials are derived and more 
or less universally distributed by means of the blood- 
vessels and lymphatics. These caseous masses are met 
with in various situations, sometimes in the lungs, some- 
times in the bronchial glands, sometimes in the glands 
of the mesentery, &c. At the same time it must be 
admitted that in some cases of acute tuberculosis no 
such foci of infection are discoverable. This, however, 
does not appear to be sufficient to negative the • view of 
the infective nature of the disease — a view which is sup- 
ported by its clinical characters, by the general disse- 
mination of the lesions, and by its close analogy with the 
processes artificially induced. Why these chronic in- 
flammatory products should in some cases constitute 
active foci of infection, whilst in others they remain 
inert, we are unable certainly to explain. In attempting 
to answer this question, it must be remembered that 
such products may accidentally^ become pt^aced in direct 
communication with the vascular or lymphatic systems ; 
and also that infective substances are much more liable 
to produce results in some constitutions and in some 
conditions than in others. 

Whilst acute tuberculosis is thus an infective disease, 
it is an infective disease of a special kind. In the first 
place, the infective substances derived from the infective 
focus — which are probably minute particles — not only 
exercise their irritating influence over areas of tissue 
which are for the moat pBixt excftfe^ixi^'^ ^isi^^vssvstft the 
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miliary character of the lesions), but the irritation thej 
produce is of comparatively slight severity. The prin- 
cipal result of their irritation is consequently a textural 
change— a new growth of tissue at the seat of the injury. 
(See "Chronic Inflammations.**) In this respect this 
disease presents a marked contrast to one with which it is 
closely allied — pyaemia, in which the severity of the injury 
produced by the infective particles is much greater and 
gives rise to the formation of abscesses (see " PysBmia"). 
In pysBmia the intensity of the disseminated inflamma- 
tory processes is considerable and the course of the 
disease is usually acute, whilst in acute tuberculosis the 
inflammatory processes are much less severe and the 
disease tends to run a more chronic course. 

Another characteristic of acute tuberculosis consists in 
the fact that the lesions appear, for the most part, to 
originate from elements which either belong or have a 
close relation to the lymphatic system ; and that in their 
anatomical characters many of them somewhat resemble 
the follicular structure of a lymphatic gland (the " ade- 
noid tissue" of His). The distribution of lymphatic tissue 
is much more general than was formerly supposed. It 
^ exists largely in the submucous tissue, around the blood- 
vessels in many situations, in the peribronchial tissue, 
beneath the endothelium of serous membranes ; and in 
nunaerous other situations (see "The- Lymphomata"); 
and from this universally distributed lymphatic tissue, as 
was shown by Dr. Burdon-Sanderson, most of the miliary 
lesions in acute tuberculosis originate. 

The anatomical resemblance which exists between 
many of the miliary lesions and the follicular structure of 
a lymphatic gland is such, that when tubercle was 
regarded as a non-inflammatory growth it was classified 
by Virchow amongst the lymphomata. This resemblance, 
however, does not appear to be so close as has been 
supposed. 
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The miliary lesions in acute tuberculosis, altliougli pre- 
senting certain differences according to the nature of the 
tissue in which they originate, are tolerably uniform in 
their anatomical characters. They consist, in the main, 
of small spheroidal elements resembling lymph-cells 
(lymph-corpuscles), which are either separated from one 
another by fine lines of homogeneous transparent-looking 
material, or, more commonly, by a delicate tissue which 
forms a more or less distinctly fibrillated network within 
the meshes of which the elements are grouped (Fig. 48, 
see also Fig. 56). This structure is very similar to that 

Fig. 48. 




A portion of a Grey Miliary Tubercle, 
Showing the typical structure which con- 
stitutes the greater portion of these no- 
dules. X 200. 

which is often met with as the result of other chronic in- 
flammatory processes, e.g. in the chronic indurations of 
the liver, lungs, and other organs. In some of the nodules 
the fibrillated network is well marked, whilst in others it 
is almost completely absent. In addition to the smaU 
lymph-like corpuscles there are often some larger cells 
containing one, and in some cases, two or three nuclei. 
(See Fig. 35.) These larger cells resemble those so often 
met with in lymphatic tissues which are undergoing active 
growth. 

Although the structure above described forms the bulk 
of the greater number of the miliary nodules, it will be 
found on careful examination that they present some ad- 
ditional characteristics. In. \iNift?a^\» ^Viajti^^it ia exceed- 
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inglj common to distingnisli several centres in the nodule 
around whicli the cellular elements ajre more or less con- 
centrically grouped; this appearing to indicate the ex- 
istence of separate centres of development. As many as 
four or five ceutres are sometimes to be seen in a single 
nodule. (See Fig. 55.) 

Another feature of the miliary nodules is that when 
examined in certain stages of their development large 
multinucleated masses of protoplasm, somewhat resem- 
bling the "myeloid cells," are very frequently to be found 
associated with the lymph-like elements. These large 
multinucleated cells have been alluded to by Virchow, 
Wigner, and others, but it is only quite recently, owing to 
the researches of Dr. OscAr Schuppel, that they have 
received a prominent place in the pathology of tubercle. 
As the views of this pathologist concerning their mode of 
origin and on the pathology of tubercle generally differ 
somewhat from those commonly entertained, the author 
merely proposes in the present place to state very briefly 
the result of his own observations made subsequently to 
the perusal of Dr. Schiippers valuable publications. For 
more complete information the reader is referred to Dr. 
SchUppel's writings on the subject.* 

The most characteristic features of these multinucleated 
cells are their large size, the number of their nuclei, and 
the irregularity of their outline. Some of the larger ones 
measure, exclusive of their processes, as much as yois iiich 
in diameter. They possess no limiting .membrane, but 
many of them have long branched processes which are 
directly continuous with the reticulum of the tuberculous 
nodule. (Fig. 49 ; see also Fig. 51.) They contain nu- 
merous large round or roundly-oval nuclei, each enclosing 



* Untersnchungen tiber Lymphdrusen-Tuberkulose ; Dr. Oscar 
Schtippel : Tubingen, lb71 ; and Ueber die EntateUun^ ^ftx^\^^cw- 
zallen im Tuberkel.—Waffner*s Archiv der Heilfcunde, vvA. -jlvyvA^a"!. 

P 





A Afultinuclealed C«U from the Zjuhiq in a eat of 
Chronic PWhistl. SliD-wmg a» ^at?,B -nonism if. 
nuclei wilb. tiiftliV roitleoli- » Wl'i. 
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& bright nucleolos. (Fig, SO.) As maDj oa forty naclci 
may aometimea b« coanted in a eingle cell. Some of them 
are much smaller and contain only three or fonr naclei. 
Theae amaller ones are much more regular in outliue, aod 
they probably represeat an earlier Btage of development 
than the larger cells. Foor or five of theae nacleated 
masses are sometimes found tn a single tnhercnlous nodule, 
and they appear most commonly to occnpy the centres, 
already alluded to, around which the lymph-like elements 
are gronped. (See Fig; 55.) The branched processcE, 
which are continuous with the tuberculous rcticnlum, 
sometimes form wide meshes in the immediate vicinity of 
the multinucleated cell. These meshes are, according to 
Dr. Schiippel, filled with epithelial- like elements. These 




Erf Cdlfrom a Grey Miliary T'lierrle 
^the iMiigtna caie (tf Acute Tuberculoiii. Show- 
ing the wide emptj mesheB in the immediate 
Vidtiicy of the cell. The branched processes are 
directly continnoua with, the reticiilvrai qI ftie ^a- 
berde. x 2U0. 

. p2 
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last named elements tlie aiitbor,lias failed to observe, and 
when the meshes exist he has nsnally found them empty. 
(Fig. 51.) In some cases the author observed smaller nu- 
cleated nodules continuous with the processes of the 
larger cell; this appearing to indicate that new cells 
were originating from the protoplasmic prolongations. 
(S^e Figs. 49, 51.) 

Although the above characters are to be observed in 
the multinucleated cells in successful preparations and in 
certain stages of the tuberculous growth, many of them 
will usually be found wanting. The nuclei and processes 
will only occasionally be seen, and the large cell commonly 
appears as a yellowish somewhat granular mass in which 
neither nuclei nor processes are visible. This is probably 
owing to the early retrogressive changes which these 
bodies appear to undergo. In this imperfect state, the 
author has observed these large cells in tuberculous 
nodules from most of the organs in which tubercle is met 
with. 

Respecting the pathological significance of these multi- 
nucleated cells — they appear to the author to be merely 
characteristic of chronic inflammatory processes in lym- 
phatic structures, whether these be limited to small cir- 
cumscribed areas, as in tuberculosis ; or whether they 
involve wider tracts of tissue, as in many forms of chronic 
induration. He has found them in portions of the indu- 
rated fibroid lung of chronic phthisis, in which there was 
neither caseation nor any indication of a nodular lesion. 
In the researches of Dr. Schiippel, already alluded to, 
they were met with in the most typical form in tubercular 
processes in lymphatic glands. They appear, further, to 
be more fully developed in the more chronic forms of 
tuberculosis, whilst in those cases in which the nodules 
are very rapidly produced, they are much smaller and 
less readily discernible. "^\\^v. t^^^t^ ^.o tkQ histological 
eiements from which, tliey OT\^\Ti^^ei,T^ci\)DL\xi^^^si.^^e^^ 
be stated. It wo\ild oppeax pTo\i^\^,Vo^^^^T,\)Qs^SiQS8s^ 
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spring either from the endothelium of the lymphatics or 
irom the cells of the connective tinHne ; elements, it must 
be remembered, which are analogoas to one another in 
their physiological functions. Looking at their anato- 
mical relation with the other portions of the tuberculous 
nodales, they would seem to be especially concerned in 
the production of the fibrillated reticulnm. 

Although the structure wliich hH,3 been described is 
that of the most common form of le^iion in acute tuber- 
onloais — the grey gra^iulalion or TiiiUary tuberele, it must 
be borne in mind that all the ieHiouB are not thus conati- 
tntad. When treating -of the changes in the several 
organs, it will be seen that the precise anatomical conati 
tntion of the nodules varies somewhat accorduig to the 
characters of the tissue in which they originate In the 
Inng, for eiample, many of them consist largely of accu 
mulations of epithelial-like cells within the pulmonary 
alveoli. 

The lesions which may thus vary in their anatomical 
characters, vary also in the changes which they may sub 
frequently undergo. The larger and more diffuse lesions 
nsnaUy undergo retrogressive fatty changes — they eottcn 
and become yellow and ca- 
seous.' The minute lesions, 
on the other hand — those j^i, 

which are known as grey 
miliary tubercles — may either 
degenerate or become deve- 
loped into a more or less 
completely fibrillated struc- 
tare- In the former case, the 
grey translucent nodule be- „f"iX't '^a^'iT^^^'Cle 

comes opaque and aUghtly Tabermloaa Khich u lecomms 

yellow in its centre, and aof- ^Jg^^,'^-, '" '^ ""'" 
tens in consistence (Fig. 52) ; 

in the latter — the delicate intercelltilaT iiw.'tfttvii. ^s&a. 
Mlfy beoomeB developed into a densely b\>-riflBi(iea. ■a.e.'w^a^ 
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the cells at the same time diminish in number, and the 
nodule becomes firmer, ahnost cartilaginous, in consiB- 
tence. Which of these changes takes place appears 
partly to depend upon the severity of the infective pro- 
cess. The more intense the irritation, the greater is the 
tendency to the degeneration and softening of the nodoles, 
the less intense and more chronic the process, the more 
liaole are the miliary lesions to become fibrous. 

Before concluding the consideration of the general 
pathology of tuberculosis, allusion must be made to those 
cases in which the tuberculous processes are confined to a 
single organ. This limited tuberculosis differs from the 
more general one only in the extent of the distribution 
of the infective materials. The miliary lesions originate 
from some retrograde inflammatory product situated 
usually in the same organ as that in which they occur, 
and their limitation is probably owing to the infective 
substances being disseminated by the lymphatics and 
serous canals and not by the blood-vessels. This will be 
again referred to in the chapter on " Pulmonary Phthisis," 
and also in the following description of the tuberculous 
process as it occurs in the several organs and tissues. 

TUBERCULOSIS OF THE PIA MATER. • 

In the pia mater the tuberculous process is associated 
with inflammation of the meninges, constituting the con- 
dition known as tuhe^'cular meningitis. This is almost 
invariably a part of a general tuberculosis. 

The process is almost exclusively confined to the pia 

mater at the base of the brain, and is usually most marked 

in the Sylvian fissures. A few scattered granulations are, 

however, frequently visible on the upper surface of the 

hemispheres. The inflammatory growth originates in the 

perivascular lymphatic sheaths which enclose the small 

arteries of the pia mater. i;^\^.^'i>i ^V^ Alalia of the 

abeath multiply, and tlcie pxocie^^ ol ^T<Jiai«^HIv3\>L ^-tsmssB^- 

mg at separate centres, xLumeTcras ^rcaaSL^gwii T^oScsi^^^aa 
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produced aronnd the vesaeL These, which are distinctly 
visible to the naked eye, causa &u external bulging of the 
■heath, and a dimitiatioD in the calibre, or eren complete 
obliteration, of the enclosed vessel. 
Fro 68. 




SHUary Ttiierdt hi the Pia Malrr The dotted line indicates 
the ongiLal size of tbe tnbercDl&r nodole A The tTmphiLtic 
Bheath V The btaodvesgel F Frohfeistion of elements 
witbin the sheath. > lUO (Coniil and Eaavier ) 

The localized ohstmctions to the oircalation which 
reanlt from the preseare of the perivascular nodules 
cause intense hjpenemia of the collateral veaselH, and 
tiioM the pia matei at the base of the brain becomes ex- 
ceedingly vascolar, there being in some cases rupture of 
the vessels and eitiavaBation. This is followed by a 
more general inflammatory process — a trne basic menin- 
gitia. A transudation of the liquor sangninis takes place 
from tiie hypersmic and injured vessels, blood-corposclea 
escape, and thus the meshes of the pia matet \i%!^iia 
infiltrated witb a sero-flbrinous lit^ui^ ^\i\aV \&. 'oam.'^ 
partg has a parifocm character. 
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These changes in the pia mater at the base of the bndn 
are attended by softening of the immediately snbjaoent 
cerebral substance, which becomes infiltrated with yomig 
cells. The lateral ventricles at the same time become 
distended with serosity (acute hydrocephalus), so that the 
convolutions on the surface of the hemispheres are seen 
to be much flattened. The ependyma and choroid plexus 
also become exceedingly vascular, and the walls of the 
ventricles, together with the fornix and soft commissure 
become much softened. All of these changes are owing, 
partly to an inflammatory process, and partly to the 
mechanical obstruction to the circulation caused by the 
tuberculous growth. In addition, the arachnoid mem- 
brane is dry and sticky. 

TUBERCULOSIS OP LYMPHATIC GLANDS. 

In the lymphatic glands, the tuberculous process gives 
rise in the first place to inflammatory changes in the 
peripheral portions of the gland, inasmuch as it is with 
these that the infective materials which are conveyed by 
the lymphatic vessels first come into contact. The cel- 
lular elements increase in size, their nuclei multiply, and 
new elements are formed. As the process extends the 
gland becomes enlarged, the distinction between its me- 
dullary and cortical portions becomes lost, and it becomes 
changed to a greyish homogeneous mass. The new 
growth rapidly becomes caseous, the degeneration usually 
commencing at several separate centres; and when caseous 
the gland may subsequently soften, dry up, or calcify. 

TUBERCULOSIS OP MUCOUS MEMBRANES. 

In mucous membranes the development of tuberculous 
nodules is usually secondary to some primary inflamma- 
tory process which leads to ulceration of the membrane. 
The intestinal, the uxmo-g^TcA.^, ^sA *Cafe x^«^\2t^b5«sri 
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mnoons membranes may all be the seats of a tnbercnlons 
growth, but it is in the former that it constitutes the 
most frequent and most important change. 

The Intestine. — ^In the intestine the occurrence of true 
tuberculous processes appears to be almost invariably 
preceded by primary inflammatory changes in the intes- 
tinal lymphatic structures. These changes have their 
seat in the solitary and Feyer*s glands, and as in typhoid 
fever, it is especially these structures in the lower part of 
the small intestine and in the caecum which are affected. 

The first stage of the process consists in an inflamma- 
tory hyperplasia of the lymphatic elements. The solitary 
glands and patches thus become increased in size, and 
project with undue prominence above the surface of the 
membrane. The newly formed elements then undergo 
retrogressive changes — they soften and caseate, the dege- 
neration in the patches commencing at several separate 
centres, and often extending until the whole patch be- 
comes destroyed. As the result of these primary inflam- 
matory changes an irregular ulcerated surface is produced, 
the floor and edges of which are more or less thickened 
owing to the extension of the inflammatory process into 
the submucous connective tissue. This is a simple ulcer, 
and its production, so far, is quite independent of a 
tuberculous process. 

What must be regarded as a tuberculous change occurs 
subsequently to the primary ulceration, and it results in 
the development of small nodules of induration in the 
floor of the primary ulcer. The development of these 
nodules appears to take place principally around the 
blood-vessels, and as these are arranged transversely 
around the intestine, the new growth proceeds in the 
same direction. These secondary nodules of induration, 
like the primary inflammatory product, soften and be- 
come caseous, and thus the process of ulceration gradu- 
aHy extends tranaveraely until the wlioVft e\xc^xic&st^'^<^ 
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of the gat may be destroyed. The idcer thus produced 
presents a strong contrast to that of typhoid. Its edges 
and base are thickened and indnrated, and the nodules 
of new growth, tending to become caseous, are seen scab- 
tered in its floor. (Fig. 54.) 

Fig. 64. 




A Tubercular Ulcer qfthe Intestine* (Diagrammatic.) 
a. Epithelial lining, b. Submucous tissue. 
c. ^mscular coat. d. Peritoneum. 

The tubercular ulcer rarely, if ever, heals, owing to 
thickening of the tissues at its base. Perforation is 
quite an exceptional occurrence. In the process of its 
extension the ulceration is attended by some contraction 
and narrowing of the gut. 

TUBERCULOSIS OP THE LUNGS. 

Tuberculous processes occur in the lungs as a part d 
a general tuberculosis, and also in many cases of pot 
monary phthisis. The nature of the resulting inflam- 
matory lesions is similar in both. It will be well, how- 
ever, in the present place, more particularly to describe 
these lesions as they occur in the general infective disease. 
The more limited processes which take place in manj 
cases of phthisis will be again referred to in a subseqiient 
chapter devoted to the consideration of this affection. 
(See " Puhnonary Phthisis.") 

The pxdmouary lesions met with in general tdbe^ 
culosis consist, for the most part, of disseminated 
nodular growths, which are universally known as 
" miliary tubercles." These growths are of two IdndB— 
the grey and the ijeXloao. ^l^Vife ^wrj ^t^ ^emi-transparoit 
nodules of a gre^isVi-'s^^i^JtA c^ovrc, ^^Tspca%\s^^8fiifc^ss». 
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a small pin's head to a lieinpseed. Thej are somewhat 
spherical in shape, and usually possess a well-defined 
outline. Sometimes they are firm, and almost car- 
tilaginous in consistence ; whilst in other cases they are 
much softer, and almost gelatinous. These softer forms, 
instead of being semi-transparent, are opaque and white. 
The yellow are, for the most part, larger than the pre- 
ceding, many of them much so, some being as large as a 
pea. They are also softer in consistence, less defined and 
regular in outline, and they pass more insensibly into 
the surrounding tissue. Many of them possess a greyish - 
white translucent margin, which may be pretty firm in 
consistence, but never so hard as are many of the grey 
nodules, whilst their central portions are opaque, yellow- 
ish, or caseous. These nodules, both the grey and the 
yellow, although generally scattered, are sometimes con- 
fluent in groups. 

Both the grey and the yellow nodules are often found 
associated in the same lung; in other cases the grey 
nodules only are met with, whilst, less frequently, 
nearly all the growths are of the yellow variety. The 
oondition of the pulmonary tissue which is situated 
between the nodules, varies considerably. It may be 
perfectly normal, more or less congested and cedematous, 
or it may present varying sized tracts of greyish, gra- 
nular, friable consolidation. A perfectly normal con- 
dition of the intervening pulmonary tissue is found in 
many of those cases, in which all the growths are of the 
grey variety; but when there are numerous yellow 
nodules, the lungs are nearly always more or less con- 
gested or consolidated. 

When these nodules are examined microscopically they 
are seen to exhibit two different kinds of structure — viz., 
the small- celled lymphoid tissue, which has been already 
described as that which is the most characteristic of 
tabercaldas leeiona, and accumulationB oilax^^'iinL^^^'d^^ 
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cella within the pnlmonarj alveoh (cOitarrhal pneDmonis}. 
There is, however, this marked ooatoimcal difieraoDc 
between the various kinds of nodulea — that whereas moil 
of the smaller grey ones .^e constituted entirely of ILh 
firat-nomed tissue, the larger grey, ajid moat of Uie 
yellow ones, wmaist largely of the alveolar aCEUmulatioiiH. 
When the aniall i;re; nodulea are examined with a. hw 
Fro. 65. 




A firm Oren Talierehjyim the LuBg fn am 
TWrrnrfofin. Bliowing tho aituation ciT the Wberele 
betmren the alTBoli, the- Inttoc preBenting n pertectly 
normil nppparancc Thu grouping of the ulumeDla 
sroDiid eeyumbi i^uDtrea is sUa seen, x 33. 

magnifying power, thej -nanally appear aa little, sane- 
what apheroidal, maaaea situated hetween the alveoh, tlM 
latter presenting a perfectly normal appearance. (Pig. 55.) 
When more highly magnified, they are seen to oontiut 
of the oharacteristie tnbDrcolar atruoture — viz., snudl 
Jymph-like oorpuaoles Rrouped within the mesheB of a. 
fibriilated network (see "E'l^j. 4aVi «a5KKi^a.'«»l.iBv'3a.-«'DiiJiL 
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maj be two or tliree of tbe large maltinudeatod cells. 
The central portionB of some of them consist simply of 
minate granules, the elements having eridentlj under- 
gone retrogressive changes. aThey are intimat«lj in- 
corporated with the pnlmonary tissue; the walls of many 
of the alveoli, which are immediately adjacent to the 
nodule, being thickened by a new nucleated tiaane 
precisely aimilar to that of the nodule itself. (Fig. 56 a.) 
The conformation of sorao of these nodules is not quite 




A small portion q^ the tn 
Tatercle from the Lung i\ , ._ 

Showing the stfucture of tlie nodule ; and at a its lucor- 
poration with the alveolar wall, x 2TU. 

BO simple, but as the new growth extends by a pro- 
gressive implication of the alveolar nails, it encroaches 
npon, and gradually obliterates the immediately adjacent 
dveolar cavities. ■ 

The constitution of the latter grey, and of moat of 
tlie yellow nodules, differs somewhat from that of the 
smaller grey ones above iJeHcribed. VThen tkeaa aae et- 
amined with a low magiuffing power, \t is aeeu ^«A. 
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they are not like moat o£ the smaller grey nodnle*, 
aimply inter-alveolar growths, involving merely the 
alveolar walls, hut that their more eitemal portions are 
made np of aoiimulatii/us laithm the alveolar CM'iikt. 
(Fig. 57.) When somewhat more highly magnified, their 




Acute Taberoiilatii 
witlim the til VI oil 
Ihe nodnla, and ihe 

X aa 

constitation at onte becomeB apparent (Fig 58 ) ThW 
central pjrtions (r) consist tor the most part of ft 
BtructnrelesB gracolar dSbris in which, pertapB, liBM 
and there tracer of formed elements are visible Mow 
eitemally are seen mliLations of alveoh which are SHei 
■with, partially degenerated epithelial hke oella (t) witl. 
ia some parts small tmcts of a smalt celled tisans re- 
aembling that met with in the ^"kj nodulos whilst W 
the peripheral portions of the growth (a) the alveoltf 
cavities are qmte distmct tlieir walla are mhltiutM willi 
a small-celled growth, anil their cavities are illed vriti 
large nooleated ceU-forme similar to those which an 
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twBjs to be found in the slTeol&r cavities of the healthy 
mg. In short, it is clear that the Htmctnre of moat of 
lese nodnlea more doeelf rsBemblea a lobular catarrhal 




'.e mint external part of a FeMino 7^- 
heniefrom the Lang in a caae of Aeate T^iAcrcuJotfe. Moat 
eitemsUy at a are seen the alreoli filled with epithelUl- 
like cells. Mora IntBrnally nt 6 both the alveolar walls and 

tion { whilst in the ceotral portions, c, the ^jegeaeration is 
so far advanced tbat all trace of Btructure is lost The 
alveolar walla ara Ihiokened by a etoall-celled growth, and 
at one part a minute mass of this amaU-cellod tissue in 
Tiaible. x UO. 

ineamonia than that met with in the emaUer grej 
jiowths ; and that although the nails of the alveoli are 
ihickened bj a emaU-celled tissue similar to that which 
ionatitntes the latter growths, and small tracts of the 
lame tdsane loaj be foand in the central portions of the 
lodnle, the nodule consists, in the main, of alveoli staffed 
irith epithelial-Iike cells, which have a »fedaX tendency to 
mdei^ rapid retrogressive changes. 
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Eespecting the cause of these differences in the anato- 
mical constitution of the miliary lesions in the lungs — ^the 
author believes that they depend upon differences in the 
intensity of the inflammatory processes. The more severe 
the irritation of the infective particles, the more liable are 
these to cause a proliferation of the large epithelial-like 
cells contained within the alveoH ; whereas when the irri- 
tant is less severe, its influence tends to be limited to the 
elements immediately adjacent to the blood-vessels and 
lymphatics, and the development of a smaU-celled tissue 
is consequently the result. (See "Chronic Inflamma- 
tions.") Further — the large epithelial-like cells, being 
probably incapable of further development, quickly dege- 
nerate; whilst the small- celled tissue, although it may 
undergo similar retrogressive changes, very frequently 
becomes developed into a more or less completely fibril- 
lated structure.* 



♦ In explaining the peculiar lymphoid characters of the new 
growth which is developed both in the alveolar walls and in the 
interlobular tissue as the result of chronic inflammatory procesbes 
in the lungs, it is important to bear in mind the more recent addi- 
tions to pulmonary liistology. Not only does this IjTuphoid tissue 
exist largely in the neighbourhood of the smallest bronchioles, but 
the alveolar walls are richly supplied with lymphatics, and the 
recent investip^ations of Buhl and others seem to show that the 
large nucleated cells which line the alveoli are not epithelial, but 
corrjspond with IjTiiphatic endothelium. 
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PYiEMIA AND SEPTICEMIA. 

It is proposed, in the present chapter, yery briefly to de- 
scribe some of the more important phenomena which 
result from infection by means of the products of certain 
actUe inflammatory processes. These phenomena include 
what are known as trcmmcUic or inflammcUory fever, eep- 
ticoBmia, and pycemia. 

When a person receives an external injury sufficient to 
cause an inflammatory process of considerable extent and 
intensity in the part injured, this process is usually fol- 
lowed by a general disorder of the vital functions, the 
most prominent symptom of which is pyrexia. This 
pyrexia, which so commonly occurs after surgical opera- 
tions and other extensive local injuries, is what is usually 
blown as i/rcmmatic or inflammatory fever. Respecting 
the cause of this pyrexia — it is due to the absorption of 
some of the products of the local inflammatory process, and 
possibly also in some cases, to that of substances resulting 
from the decomposition of dead organic matter in the 
neighbourhood of the injury. In other words, the pyrexia 
and other phenomena result from the dissemination of 
certain infective materials from a focus of acute inflam- 
mation. 

Between this traumatic or inflammatory fever and 
what is known as septicsBmia there is no line of demar- 
cation— -tlze one passea imperceptibly m\<o ^;)c^^ Ci'OcL'et* 
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Wben the general disturbance of the vital fimctions is 
considerable, and gives rise not only to pyrexia, but also 
to a tendency to vomiting and diarrhoea, and ultimately 
to a condition of coma and collapse which tends to ter- 
minate in death, the state is termed one of s&pticcemia, 
Septic8Bmia appears therefore to differ from simple trau- 
matic fever mainly in this — ^that in it the general infec- 
tive process is one of much greater intensity. In both 
there is usually an absence of any characteristic local 
lesions. After death the blood may be found to be some- 
what darker and less firmly coagulated than natural ; the 
spleen and liver enlarged and abnormally vascular ; and, 
if there has been diarrhoea, the intestinal mucous mem- 
brane may present the appearance of acute catarrhal in- 
fiammation with some swelling of the lymphatic strac- 
tures. In some cases also there is pleurisy or peri- 
carditis. 

The general infective process known as pycemia differs 
from both traumatic fever and septicaemia in this respect 
— ^that in it the dissemination of the infective substances 
derived from the inflammatory focus gives rise not only 
to that general disturbance of the vital functions which 
characterizes these two conditions, but also to the forma- 
tion of metastatic nodules of induration which soon 
assume the character of abscesses, and to more diffused 
inflammatory lesions. These metastatic nodules of indu- 
ration which so quickly become purulent, and are so 
characteristic of the disease, present certain peculiarities. 
In their earlier stages they usually consist of somewhat 
reddish, friable, granular-looking masses of consoHdation, 
which are surrounded by a thin zone of red hyperssniic 
tissue. These masses are frequently wedge-shaped, the 
apex of the cone being towards the centre of the organ. 
They vary considerably in size, some not being larger 
than a small pea, whilst others exceed the size of a chest- 
nut. The conBoAidatedL m^j^^ ^ooii «je;€iK£a\s^^ >(k^<^ ^Sos^xA^st^rs 
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[if an abscess. Its more central portions become softened 
and pnrolent, and nltimatelj it tends to become converted 
Into a collection of pns and broken-down tissue, this being 
stai surrounded by a thin red zone of induration. 

These metastatic abscesses are met with most freqaentl j 
in the lungs ; but they also occur in the Hver, spleen, kid- 
neys, and in other internal organs. They are more com- 
monly found near the surface than in the more internal 
portions of the organ, often being situated immediately 
beneath the fibrous capsule. 

The more diffused inflammatory processes which also 
occur in pysBmia, consist chiefly in suppurative arthritis 
and inflammation of the serous membranes, especially of 
the pleuraa and pericardium. 

Although the occurrence of metastatic abscesses in the 
later stages of many of these acute infective processes 
has served as a basis for their classification — those in 
which they occur being termed pyaBmic, those in which 
they are absent, septicasmic — it is probable that it does 
not justify the conclusion that there exists between them 
any essential pathological diflereuce. Both pyaemia and 
septicsBmia result from the absorption of certain infective 
substances from some focus of acute inflammation. The 
effect of these substances may be simply to produce 
a general disturbance of the vital functions — a septicas- 
mia; or, more remotely, to cause various disseminated 
suppurative inflammations — a pyaemia ; and as in other 
acute infective diseases — e.g., scarlet fever, death may result 
firom the general disturbance of function quite inde- 
pendently of any local lesions, so in the diseases now 
under consideration a septicaemia may be the cause of dis- 
solution without the occurrence of any of those metastatic 
products which are regarded as characteristic of pyaemia. 
Such being the case, it is evident that whereas a septi- 
caemia may exist without the subsequent develo^mftiLt ol 
metastatic lesidiiB — a pyaemia, pyaemia imx^\> «X^N«u^^\i^ 

Q 2 
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associated with more or less septicsBmia. In other words, 
pyaBmia is a septicaBmia in which there ore metastatic 
snpparatiye inflammations. 

Having thns pointed ont the close pathological relation 
which subsists between these acute infective processes, 
it remains to consider somewhat more fally the nature of 
the infective substances, and to explain the occurrence of 
the metastatic lesions. 

The infective substances, as already stated, originate in 
the products of Certain acute inflammatory processes. 
Further — the inflammatory processes which constitute 
the infective foci are in the great majority of cases the 
direct results of some external injury, an injury producing 
a lesion which communicates with the external air. These 
external inflammations resulting from injury usually only 
give rise to that comparatively slight disturbance of the 
vital functions which is known as traumatic or inflam- 
matory fever, and this disturbance appears to be owing 
to the absorption of the unaltered products of a healthy in- 
flammatory process. When the local inflammation gives 
rise to a septicaemia or pyaBmia, this result is with 
equal probability due to the absorption of inflammatory 
products which are altered by the presence of certain 
abnormal subtances. 

With regard to the nature of the abnormal substances 
which give to the inflammatory products their septic cha- 
racters, we are at present unable to speak with absolute 
certainty. It must, however, be regarded as in the 
highest degree probable that these substances usually 
result from the putrid decomposition of the pus and in- 
flammatory liquids produced by the local inflammation. 
Much light has been thrown upon this subject by compa- 
rative pathological research. Dr. Burdon- Sanderson, in a 
series of observations made in the laboratory of the Brown 
Institution to deteYnmift\i)[iftTi^\.\ix^ Q>€th.e pyaBmic poison, 
Bnds that in pyaeinia. aai^ ^er^\A&«iTK\a. ^& \rt<i^svRfcV\ss.'^ 
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lower animals, haderia abound in all the inflammatory 
liquids ; and also that these same organisms exist in the 
blood.* He finds further, that these pyaBmic inflammatory 
liquids, when introduced into the circulation or into one of 
the serous cavities of another animal, produce the symp- 
toms of pyasmia, and that the intensity of these symptoms 
appears to bear some direct proportion to the number of 
bacteria which the infective liquids contain. Those 
animals which were inoculated with liquids containing 
very numerous bacteria and of intense infective power, died 
rapidly with symptoms of septicaemia ; whereas in those 
in which the inoculated Hquids contained fewer bacteria 
and were less active, the process was more protracted 
and was attended by the development of metastatic 
abscesses — a pyaemia. The results of these investigations 
therefore show that, in the lower animals, bacteria are 
invariably present in Hquids which are capable of in- 
ducing pyaemic processes, and it must be admitted as 
exceedingly probable that in the disease as it occurs in 
man, the presence of these or similar organisms in the in- 
flammatory products is in some way intimately connected 
with their infective characters. 

The probability of the generation of the pyaemic poison 
being intimately associated with the presence of minute 
organisms in the inflammatory products is increased by the 
faflBt, that the disease is in the very great majority of cases 
secondary to inflammatory lesions which communicate 
with the external air — a condition the most favourable to 
the entrance of these organisms from without. It must, 
however, be borne in mind that pyasmic processes occa- 
sionally occur under circumstances in which no external 
point of inflammation is discoverable. In explanation of 
these very exceptional cases the results of Dr. Sanderson's 
experiments, already alluded to, are of much value. 

• "iTraus. Path. See. Lend.," VSlt. 
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Dr. Sanderson finds that pjsBmia may be induced in the 
lower animals by the introduction into one of their serous 
cavities of liquids produced by an inflammatory process 
which has been set up by chemical agents under circnm- 
stances which preclude the possibility of the introduction 
of any infecting substances from without — liquids, how- 
ever, which, like those derived &om an external inflamma- 
tory lesion, abound in bacteria. 

The remaining point for consideration is the pathology 
of the disseminated secondary inflammations — ^the difose 
lesions and the metastatic abscesses. The most common 
diffuse inflammatory lesions which result from the pyaBmic 
process are suppurative arthritis, inflammation of the 
serous membranes, and of the subcutaneous cellular 
tissue. The mode of origin of these diffused inflammatory 
processes we are unable certainly to explain. They pro- 
bably occupy the same pathological position as the diffuse 
inflammations which occur in other infective diseases— 
e,g., in scarlet fever and acute tuberculosis. 

Our knowledge of the pathology of the metastatic 
abscesses is much more complete. These appear usually 
to be of embolic origin, the emboli originating in the 
venous thrombi which format the focus of primarjr in- 
flammation. The circumstances under which thrombi 
formed in the vessels of a part become softened or broken- 
up so as to furnish embolic plugs, and the way in which 
these plugs may set up acute inflammatory processes at 
the seat of their arrest, will be fully described in the 
chapters on "Thrombosis" and " Embolism."* It will be 
sufficient in the present place to state that in the course 
of a pyaBmic process the coagula which form in the vessels 
at the seat of the primary inflammation become infected 
with the pyaBmic poison ; and if they soften or become 



* The student mil do ^weW \o xea.^ IVva <^\La.pter8 on " Throm- 
bosis " and " Embolism," as a aeqrikid \o \X\ft ^t^^-cX. ^3Qsc^\Kt. 
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ken-np so as to famish embolic plugs, these plugs 
se secondary suppurative processes in the parts in 
ich they become arrested; and it is to the dissemi- 
ion of these infective emboli that the formation of 
majority of the metastatic abscesses in pyssmia is 



CHAPTER XXVII. 

SYPHILIS. 

The lesions occurring in the course of constitutional 
syphilis are for the most part inflammatory in their 
nature, but in their seat, distribution, and anatomical 
characters, some of tbem present certain peculiarities 
which make them quite characteristic of this disease. 
The primary syphilitic lesion (usually the indurated 
chancre), the secondary lymphatic gland enlargement, 
and the subsequent series of changes in the skin, mucous 
membranes, and later — in the nervous system, bones, and 
internal organs, are all of them the results of chronic in- 
flammatory processes induced by the syphilitic poison. 

The lesions, however, which must be regarded as 
especially characteristic of constitutional syphilis are of 
two kinds — certain fibroid indurations, and a form of 
nodular growth which is known as a gumma or syphilitic 
tumour. These two forms of lesions are frequently asso- 
ciated, and in many cases it becomes diflficult to draw a 
sharp line of demarcation between them. A growth 
which in its earlier stages is simply connective tissue, 
may subsequently assume, either in whole or in part, the 
characters of a gummy tumour. 

The fibroid changes usually occur somewhat earlier in 
the course of constitutional syphilis than the gummy 
growths. The new tissue consists in the first place of 
an embryonic small-celled structure, which subsequently 



SYPHILIS. 233 

becomes more or less completely fibrOlated (see " Inflam- 
mation of Oonmion Connective Tissue"). The fibroid 
thickenings which resnlt are characterized by the great 
irregularity in their distribution. They occupy, for the 
most part, small areas ; or, if more extended, they are 
much denser in some parts than in others. It is these 
peculiarities in their distribution and localization and not 
their anatomical characters which render them so charac- 
teristic of syphilis. 

These fibroid changes are met with in various situa- 
tions — ^in the periosteum, in the sheaths of nerve-trunks, 
in the capsule and interstitial tissue of organs, and in 
muscle. When occurring in the capsules of organs they 
present very characteristic appearances. In the liver and 
spleen, where they are the most frequent, they give rise to 
an irregularly distributed thickening and puckering of the 
capsule which is exceedingly typical of advanced syphilis. 
The thickened portions are often connected with dense 
fibrous septa which pass into the interior of the organ ; 
and there are usually also numerous strong peritoneal 
adhesions. 

Fibroid changes occurring in the interstitial tissue of 
organs are most common in the liver, and here they are 
abnost invariably associated with the thickening of the 
capsule which has been alluded to. The change in the 
Kver sometimes resembles somewhat that which occurs in 
ordinary cirrhosis. It usually, however, differs markedly 
from cirrhosis in this respect— that the growth of new 
tissue is much less regular and uniform, occurring only 
in certain regions or around certain branches of the portal 
vein. Frequently the new tissue originates from only two 
or three centres, and thus a corresponding number of 
dense fibroid cicatrices are produced in the organ. Owing 
to this localization in the development of the cicatricial 
tissue the liver becomes much more irregularly puckered 
and contracted than in cirrhosis, and the obstruction to 
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tlie portal drcal&tioii is almost nt'l. Onmiii; groirtlu 
freqneatlj originate in tlie fibrooB Bcpta. Id other caaea 
the interstitial change is lanoh more general, more re- 
sembling that of ordinary cirrhoeia. This ia eapeciallj the 
case in ccngenital ajphilig. 

The other variety of ledon, which ia perhaps more 
characteriatdo of ayphilia than the preceding, is the gmrma 
or syphilitic tnmonr. The gmnmata were formerly re- 
garded aa non-inflammatorj neoplasms, and were classified 
by Virohow amongat what he termed the " gramilation'' 
tomonra. As naually met with, they are moderataly firm 
yellowish-white nodulea, having oflen, on section, some- 
what the appearance of a horse-chestnot. They vaiy in 
size from a hemp-aeed to a walnut, and aia sarronnded by 
a zone of translucent fibrous-looking tissue, which some- 
times has the appearance of a capanle, and which ia so 
intimately aasooiated with the snrronnding strnotnrea 
that the complete enucleation of Hie maaa ia impoaeible. 
In the earher stages of their development, when they 
less commonly come under obaarvation, they are much 
softer in consistence, mora 
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Ceotral portioQa of §n^:iwth, COD- 
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ftnd Banvier.) 



vascular, and of a reddish- 
white colonr; whilst in their 
moat advanced atagea, owing 
to eitensive retrogroaaive 
changes, they may be dis- 
tinctly caaeona. 

When the gnmmata are 
examined microscopically 
thej are found to conaiat in 
the main of atrophied, d^e- 
nerated, and broken-down 
cell-producta, 'embedded in 
an incompletely fibriUated 
tissne. There are, however, 
some marked atrnctoral dif- 
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ferenoea between tke central and external porttona of the 
growth. The central portiona are oompoaed almoet en- 
tirely of cloaely-packed granolar d^bria, f&t granolea, 
and oholesterin, ttmongat which may be an exceedingly 
scanty fibrillatod tisane, (Fig. 59, a.) Smronnding this 
and directlj continuous with it is a more completely 
fibrillat«d Htmctnre; whilst the peripheral portions of 
the growth, which are continoons with the snrronnding 
tiasoe, consiBt entirely of small ronnd cells — the granula- 
tion or " indifferent" cells. (Pig. 59, 6, and Fig. 60.) The 
blood-veasela, which only exist in the external portiona of 
the growth, are Tery few in number. 




iutertnbnlaT tiBsue. 
The three zonea above described, which are to be dia- 
tingoiahed more or leaa clearly in most of the gammy 
nodnlea, correspond with three different at^ea in their 
growth. The most external zone, consiating of the gra- 
ualatiDn-tisane, represents the earlieat stage of develop- 
ment, and by the continnoua formaUon of thia tisane tlie 
growth may oontinnonsly increase. The intermediate 
fibrous zone repreaents the second stage in the process — 
the development of the granulation tiaaae into a 
more or leaa completely fibrillated atructnre. The 
characters of thia fibrillated tisaue vary in different 
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growthB. In Bonie the fihriUation is very distinot; n 
others, the tissue is Jeaee and cicatricial in character; 
whilst less frequently, it consists of a reticulated stmcture 
within the meshea of which are grouped amall ronnd cells, 
(Fijf. 61.) Thisaomewhat resembles the follicnlarstractore 






of a lymphatic gland {compare with Fig. 63, a). The cen- 
tral zone, consisting of the amorphona granular materialj 
represents the oldest portion of the growth — that which 
has nndergone retrogressive changes. The hlood- vessels, 
which only exiflt in the zcne of proliferation, appear to 
become ohhterated in the process of development ; and 
this probably accounts for the rapid degeneration of the 
central portions of the growth. When the tumour ia 
large, it may sometimes bo seen to be made tip of several 
distinnt smaller growths, each presenting at its circum- 
ference the more perfect cells, whilst its central parts are 
granular and amorphons. 

It would thus appear that the first stage 
process of formation of these gummy growths & 
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in tlie production of a granulation tissue. This is fol- 
lowed by the incomplete development of the new tissue 
into a fibrillated structure, together with the atrophy 
and degeneration of the young elements. The dege- 
nerated elements become closely packed in the centre of 
the growth, whilst proliferation and incomplete fibrilla- 
tion continue at the circumference. 

The gummata are the new formations most charac- 
teristic of syphilis, and their distribution is almost co- 
extensive with that of syphilitic lesions. They are met 
with in the skin and subcutaneous cellular tissue, in the 
submucous tissue, in muscle, bone, and in the con- 
nective tissue of organs— especially of the liver, brain, 
testicle, and kidney. When situated in the submucous 
tissue the mucous membrane may become destroyed, and 
a deep ulcer form. This is seen in the pharynx, soft 
palate, tongue, larynx, and in other parts. These true 
gummy ulcerations must be distinguished from the super- 
ficial ulcerations resulting from inflammatory processes 
in the lymphatic structures, which also occur in syphilis. 



CHAPTER XXVIII. 

INFLAMMATION OF NON-VASCULAR TISSUES. 

INFLAMMATION OF CABTILAGE. 

The phenomena of inEammation in cartilage have been 
principally studied by the artificial irritation of the arti- 
cular cartilages in the lower animals. They consist in 
changes in the cartilage itself, and in the vessels of the 
adjacent synovial membrane and bone, from which the 
cartilage receives its nutritive supply. Eespecting the 
vascular changes, these are such as have been already 
described as characteristic of inflammation. 

In the cartilage itself, the cells enlarge within their 
capsules, their nuclei become more prominent and their 
protoplasm more granular. The cells then divide and 
multiply, so that each cavity contains numerous young 
cells which ultimately closely resemble pus-corpuscles. 
At the same time the capsules are destroyed, and the 
intercellular substance softens and breaks down into a 
finely granular material. (Fig. 62.) As the intercellular 
substance becomes destroyed, the newly -formed cells and 
granular debris escape from the surface of the cartilage, 
which thus becomes irregular, presenting numerous ele- 
vations and depressions : this is ulceration of cartilage. 
Whilst these changes are taking place in the cartilage 
itself, numerous new vessels are produced. These extend 
over the surface of the inflamed cartilage and penetrate 
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ita anbcrtance. This procesi of Boftening and nlceration 
may go oa nntil the CBitil^e is completely deatrojad ; 
bat it may become arreBted. In the latter case the 




Seciion of InfiamtA Vartxlnge a. The norm»l cartilftge- 
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aubstaace. x 260. (Comil and IJUDTier.) 

newly-formed cells form a granolation-tiaBne whicli enb- 
sequeDtlj fibriilateB, and the lost cartilage thus becomes 
replaced by a fibnUated tiasne. 

When tbe inflammation is less aerere and nmH a more 
chronio conrae, tbe cell-proliferation is not so active, and 
the intercellular anbstance is less destroyed. The newly- 
formed cella are more highly organized, and whilst many 
of them form a fibrillated tisane others nndergo retro- 
greasive changes. Irregnlar cavities may thna be pro- 
duced in the midst of a fibrillated cartilage. 

DjFI.AJIUU.TION OF TEE COKNZA. 

The process of inflammation as it occnrs in the cornea 
has been chiefly studied in the frog. After irritation of 
the frt^'s cornea, the earliest changes observed consist in 
the conjunctival epithelinra becoming visible, and the 
appearance amongst the epithelial cells of a few lenco- 
DjteB) whidi have probably escaped from the hypersBmic 
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vessels of the conjunctiva. The cornea-corpuscles and 
their prolongations then become visible (they are invisible 
in the healthy cornea, which appears perfectly structure- 
less), and the prolongations are the seat of slight amoeboid 
movements. At a somewhat more advanced stage the 
cornea-corpuscles become altered in form, their prolonga- 
tions become much shorter, they lose their stellate outline, 
and gradually assume more the appearance of caxtilage- 
cells. The next change observed in the enlarged and 
rounded corpuscles consists in their proliferation, and in 
the place of each corpuscle is seen a clump of young, 
round, amoeboid cells, many of which are indistinguishable 
from the living corpuscles of pus. 

Whilst these changes are taking ^lace in the corpuscles 
of the inflamed cornea, the intercellular substance gra- 
dually becomes increasingly opaque, ovmig to its infiltra- 
tion with young cellular elements (leucocytes). These are 
so numerous and increase so rapidly, that they must 
undoubtedly be regarded as in the main emigrant white 
blood-corpuscles ; although from the changes observed to 
take place in the earlier stages of the process in the fixed 
elements of the cornea, it must be admitted that they are 
partly derived from the proliferation of the cornea-cor- 
puscles. As the number of these young elements increases 
the consistence of the cornea becomes diminished, until 
ultimately the tissue breaks down and is destroyed. 

The inflammatory process may continue until the whole 
of the substance of the cornea is softened and destroyed; 
or it may become arrested. In the latter case more or 
less thickening and opacity of the cornea will result, 
owing to the increase in the number of cells and the 
changes in the intercellular substance. 



CHAPTER XXIX. 

INFLAMMATION OF VASCULAR CONNECTIVE TISSUES. 

IKFLAJniATION OF COMMON CONNECTIVE TISSUE, 

Common connectiye tissue is one of the most frequent 
seats of the inflammatory process, not only the subcata- 
neons connective tissue, but also the connective tissue of 
organs and of other parts. 

If connective tissue be examined a few hours after the 
infliction of an injury, it will be found that in place 
of the fibrillated substance and fixed connective-tissue 
corpuscles of which it is normally composed, the tissue is 
infiltrated with amoeboid cells (leucocytes), and that the 
fibrillated intercellular material has become homogeneous 
and gelatinous in consistence. The number of these cells 
gradually increases, and the intercellular substance gra- 
dually becomes more completely destroyed — being pro- 
bably consumed by the newly-formed elements — so that 
ultimately the tissue consists almost entirely of small 
round cells held together by a very small quantity of soft 
gelatinous intercellular material. 

Respecting the source from which these young elements 
are derived — i.e., how far they are emigrants, and how far 
they are the ofispring of cells belonging to the connective 
tissue — ^there appears to be little doubt that they are 
almost entirely emigrants. Although it was fotmetV^ 
supposed that the connective-tiBSue corpu^cA.e^ ixi\i^\^^^ 
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very rapidly in inflammation, and that the newly-formed 
cells were entirely the resnlt of their proliferation, the 
recent investigations of Professors Cohnheim and Strieker 
show that this view is erroneous ; and according to Cohn- 
heim, these corpuscles take no part whatever in the 
inflammatory process. Professor Strieker, however, has ob- 
served them undergoing active movements in the inflamed 
tongue of the frog, and although he has never seen them 
divide, he concludes that, like the elements of most other 
tissues, they probably do so in the later stages of the 
inflammatory process. The present state of our know- 
ledge respecting inflammation of connective tissue would 
therefore appear to justify the conclusion that in the early 
stages of the process all the young cells are emigrants, 
but that most probably in the later stages many of them 
are derived from the proliferation of the connective- tissue 
corpuscles. 

Such being the nature of the changes which more im- 
mediately follow injurious stimulation of the connective 
tissue — the inflammatory process may terminate in reso- 
lutioUf in organization, or in suppuration. 

Eesolution. — If the injury sustained by the tissue is 
not severe, the inflammation may gradually subside, the 
process terminating in resolution. In this case the 
hyperaemia di;ninishes, the emigration ceases, some of the 
young cells undergo fatty metamorphosis and thus be- 
come absorbed, others pass into and are removed by the 
lymphatics, and the tissue gradually returns to its normal 
condition. 

Organization. — If the inflammatory process does not 
terminate in resolution, many of the young cells may 
become more fully developed and ultimately form a 
fibrillated tissue. This organization of the inflammatory 
formation is seen in the healing of wounds by the " first 
intention," and also in many of the interstitial inflamma- 
tions of the kidney, liver, and other organs. In order 
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for it to occnr it is neceasaij that there should be a con- 
Hiderable diminatioii in tike iutenBity of tlie inflammation. 
(See " Chronic Inflammatious.") 

'rke proceBB of organization talces place by the prodac- 
tion of new capillarieB and by the development of the 
yonng cells into a granalation-tisaue. Thia granalation- 
tiesne consists almost entirely of young cells, which must 
be regarded as exhibiting a, higher stage of development 
than the primary amrehoid cells (lencocytea) of the iadam- 
matory formation. They are spherical masses of proto- 
plasm from Trm to unrir of an inch in diameter, usually 
containing an indistinct round or roundly-oval nucleus, 
vrhich often only becomes visible after the addition of 
acetic aeid; and although they exhibit slight amceboid 
movements, they are much less active than the emigrant 
blood-corpuscles. The fui-ther organization of the growth 
takea place by the development of this granulation -tissue 
into a fibriUated structure. Many of the granulation- 
cella gradnally assume a spindle-shape, and probably in 
this way many of the fihrea are produced. (Fig. 63, b.) 

fio-es. 
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At the same time the fibrillation may le also due to a 
differentiation of the intercellular anhstance The newly- 
formed capillaries gradually disappear and the richlv 
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cellular tissue thus becomes converted into a more or less 
densely fibrillated structure, which is characterized by 
the gradual process of contraction which it undergoes. 
This is cicatricial tissue. 

The characters of this cicatricial tissue present certain 
variations. Sometimes it consists of closely-packed wavy 
fibres, amongst which are a few elongated spindle-shaped 
elements, such as are represented in Fig. 63, B. It is 
equally common for the tissue to assume the appearance 
shown in Fig. 63, a — a dense homogeneous or obscurely 
fibrillated material, forming meshes of various sizes, within 
which are grouped a few spheroidal cells. (See also Figs. 
48, 74.) These two varieties are very frequently asso- 
ciated in various degrees in the same specimen. 

SuppuBATiON. — When the injury sustained by the 
tissue is so severe or so prolonged iu its action as to pre- 
vent the occurrence of resolution or of immediate organiza- 
tion, the young cells infiltrate the tissue in such numbers 
that they may accumulate so as to constitute pus. The 
pus may either become collected together within the tissue 
80 as to form an abscess, or it may be continuously dis- 
charged from the surface, as in a granulating wound. The 
deleterious influence which the pus exercises upon the 
tissues with which it comes in contact, causing their de- 
struction and absorption, has already been alluded to. 
(See " Suppuration.") 

Organization after Suppuration. — ^This constitutes what 
is generally known as healing by granulation, or by the 
second intention. It takes place in wounds, in which, 
from the non-apposition of the wounded surfaces, union 
bv the first intention has not been effected : and in other 
lesions in which the injured tissue presents a free surface 
communicating with the external air, as in an ulcer. The 
process of repair after the separation of a dead part (de- 
marcation and separation) is in the same way effected by 
granulation, as is also the closing of the cavity left after 
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Kbfas discharge of the cont^Qts of an absceaa. In all these, 

ind eiiuilar cases, ths inflammation and suppuration of 

re followed by the forniatiou of granulatious, 

wnd by the sabaequent development of theae into a fibril- 

f l&ted etrnctiire. 
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tlie superficial layers of the inflamed tissue into a granu- 
lation-tissue, in the same manner as when there is no sup- 
puration. This granulation-tissue, however, being situated 
superficially, and coming into contact with the external 
air, becomes arranged in the form of small papilliform 
nodules, which are known as gramilations. This arrange- 
ment of the granulation-tissue in the form of granulations, 
appears to be determined by that of the new capillary 
blood-vessels which are developed so rapidly in it. These 
vessels form little vascular loops, and the young cells are 
arranged round them, so that each loop corresponds with 
a single granulation. The deeper layers of the granula- 
tion-tissue gradually become developed into a fibrillated 
tissue, whilst the cells on the surface of the granulations, 
together with the liquids exuded from the subjacent 
vessels, are discharged in the form of pus. (Fig. 64.) 

INFLAMMATION OP BONE. 

Inflammatory processes in bone give rise for the most 
part to an increase of medullary tissue and to softening 
of the compact osseous structure. 

The process takes place in the vascular medullary 
tissue. This becomes infiltrated with amoeboid elements 
which have migrated from the hypersemic vessels. The 
cells iu the medullary spaces and Haversian canals enlarge 
and multiply; in those which contain fat — the adipose 
cells — the fat is flrst removed, and thus a tissue is formed 
similar to that met with in the medulla during the pro- 
cess of its development. This consists of numerous small 
round cells, larger cells containing several nuclei closely 
resembling the " myeloid cells," and a scanty soft inter- 
cellular substance. Whilst these changes are taking place 
in the medullary tissue, the surrounding osseous lamellffl 
are gradually absoxbed^ \JcLft \\icL<fe ^alts are removed, and 
ill this way the laeviuiiaT^ s^^^^^ ^xA ^^i:^«ti\sa5i. ^xsaa^ 
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increase in size and ultimately become confluent. There 
is thus a new formation of medullary tissue at the expense 
of the compact osseous structure, and the bone becomes 
exceedingly spongy, soft, and vascular. 

As the process proceeds, and the cellular infiltration 
and formation of medullary tissue increase, the latter may 
ultimately make its way through the bone and appear as 
a fungating mass (granulations) beneath the periosteum 
or the articular cartilage. The extent of pus-formation 
will depend upo4 the severity of the inflammatory process. 
The pus may either accumulate within the cavities formed 
in the bone, or — as the osseous structure is absorbed and 
the medullary tissue becomes superficial — make its way 
to the surface. 

The suppuration and rapid growth of tissue may be 
the cause of most deleterious ulterior changes in the bone. 
Owing to the interference with its vascular supply, which 
results from the pressure exercised by the pus and new 
tissue as it is confined within the unyielding osseous walls^ 
or to the accumulation of pus beneath the periosteum, 
smaller or larger portions of the bone may lose their 
vitality {Necrosis), and the sequestra acting as foreign 
bodies keep up the inflammatory process. In other cases 
the death of the bone takes place only in minute portions, 
the process consisting rather in a molecular disintegration 
(Caries). As the inflammatory process ceases, or when 
from its commencement it is less severe, the newly-formed 
tissue may become developed into a compact osseous 
structure, which in some cases is much denser than the 
original bone {Sclerosis), Similar results are produced 
by inflammatory processes which are limited to the peri- 
osteum and to the immediately subjacent bone. 



CHAPTER XXX. 

INFLAMMATION OF BLOOD-VESSELS AND HEAET. 

INFLAMMATION OP BLOOD-VESSELS. 

Inflammatory processes, botli in the arteries and veins, _ 
are not nn frequently associated witli tlie softening snf.^ 
breaking-down of coagula which have formed within t^":;. 
vessels, the softened coagulum being the cause and jiil^^^ 
i\LQ result oi the inflammation. A description of 11id$#,-i 
will be fonnd in the chapter on " Thrombosis." Inde- ; 
pendently of thrombi, it is in the arteries that inflamr -.. 
matory changes are most frequently met with, wher*^ ■ 
they give rise to the various alterations in the walls of 
the vessel which constitute what is usually known as 
Atheroma, 

Atheroma. — The changes in the arteries known as 
atheromatous, have their seat in the deeper layers of the 
inner coat. In the earliest stage of the inflammatory 
process the fibrous and elastic lamellas of the inner coat 
of the vessel become infiltrated with young cells, which 
are probably partly emigrants, and partly derived from 
the proliferation of the cells of these structures. As these 
young cells increase in number they give rise to a 
swelling beneath the innermost layers of this coat of the 
artery. (Fig. 65.) This swelling of the intima is very 
cAaracteristic. It is, in tke ^^.Tlier stage of the process, 
of a soft flabby consia^^xxcft, ^ti^ *Ocift Xmvcv^ Ts^^sv^-t^sR. 
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vliioh 18 contmnonB over it can readily be stripped off, 
leiLving the diseued tissae beneath. It thns contrairta 
strongly with the saperficiol patches of fattj degenera- 
tion which result irom the passive metamorphoeis of the 
endothelial and connectiTe-tiaene cells of the vessel. 
(See "Fattj Degeneration of Arteries.") 

The results of the inflammatory proeess will depend 
upon its severity. If the process is very acute and the 
jonng elements accumulate rapidly, the intercellular 




CkrOHle JHfTomatoiii Change i i an Arliru &h wiDg the 
newbasne la ths deoper Uj prs f tk iDDf-r oat an 1 the 
ooDseqnent iuUraol bulgiag of the vessel. In tlie darker 
portioas thn newtisBUBhis become BoflcDod sniJ pnltaciioos. 

Internal flbreB of the middle coat, x 25. (RindfloiBch.) 

substance becomes so completely destroyed, and the 
walls of the vessel so mnch softened, that dilatation, 
aoenrism, or mpture ensue. Sach acute changes, how- 
ever, are comparatively rare. The inflammation is 
lumally of less intensity and runs a more chronic course, 
and it is only to these more chronic arterial changes that 
the term " atheroma" is commonly applied. 
Whea the process is less intenae au4 nxotft &iOTaG''«i. 
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its course, it leads to various alterations in the wall of the 
vessel. The soft cellular infiltration of the deeper layers 
of the intima usually undergoes retrogressive changes, 
owing to deficient nutritive supply. These changes 
commence in the deeper portions of the new tissue. The 
young cells undergo fatty degeneration, the intercellular 
substance softens, and thus a sofb, yellowish, pultaceons 
material is produced beneath the lining membrane of the 
vessel. This has been termed an atheromatous ahseefs. 
The lining membrane may ultimately give way and the 
softened matters be carried away by the circulation, and 
thus is produced the atheromatous ulcer. In other 
cases the more liquid constituents of the degenerated 
tissue gradually become absorbed, cholesterin forms, and 
thus a mass, consisting of broken-down fibres and cells, 
fatty ddbris, and cholesterin crystals, with a varying 
quantity of the original fibrillated tissue, remains in the 
deeper layers of the inner coat. (Fig. 65.) This may 
subsequently calcify and so form a calcareous plate. 

In the most chronic forms of the atheromatous process 
there is but little softening of the new tissue, the cells 
become developed into a fibrillated structure, and thus is 
produced a fibroid thichening of the inner coat of the 
artery. The organization, however, is rarely complete, 
more or less fatty debris being usually enclosed in the 
fibroid stroma. 

rNFLAMMATION OF TEE HEART — ^ENDOCARDITIS. 

Inflammatory processes in the heart, although they 
sometimes occur in the muscular substance (Myocarditis), 
are for the most part met Avith in the eudocardiiun. 
Here they closely resemble those occurring in the internal 
arterial coats which constitute atheroma. The endo- 
cardium and inner coat of a.n. artery are very analogous 
in their structure, \iot^ \)e«v^ ^"aio^\» XL^^rsir^^kSiR^iSsst 'wii 



fiNDOCABDinS. 251 

consifiting of fibrous and elastic lajerd with an internal 
endothelial covering. 

These processes in the endocardium are almost ex- 
clusively confined to the left cardiac cavities, and in the 
great majority of cases commence in, and comparatively 
rarely extend beyond, the confines of the aortic and mitral 
valves and the corresponding orifices. Further — it is 
those portions of the valves which come into contact in 
the act of closure, and are thus most exposed to friction, 
which are especially involved, and in which the changes 
usually commence. Thus, in the aortic valves, it is the 
convex surfaces of the segments which are most liable 
to be affected, and not the free edge of the segment, 
but the little band of tissue which passes from its 
attached border to the corpus Arantii in the centre ; and 
in the mitral valve, the auricular surface of the segments 
at a little distance from the attachment of the chordsB 
tehdinese. 

Endocarditis may be either acute or chronic. In both 
cases the process has its seat in the sub-endothelial tissue. 

Acute Endocaju)itis. — If the process be acute, the 
deeper layers of the endocardium become rapidly infil- 
trated with young cells, and as these increase in number 
the intercellular substance becomes softened and de- 
stroyed, and thus is produced a soft tissue composed 
almost entirely of cells such as always results from 
inflammatory processes in connective tissue. The new 
tissue as it increases tilts up the superjacent endothelium 
and projects in the form of minute granulations and 
vegetations upon the surface of the softened valve. The 
endothelial elements may also participate in the active 
process. 

The above changes take place in an almost non-vascular 
tissue, and although there is more or less increase of 
vascularity in the more external endocardial layers, where 
the capillaries are more numerous, t\ietft \a t^^^-^ ^^"^ 
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redness or injection of the endocardium seen after death. 
Neither is there usually any liquid exuded upon the sur- 
face of the granulations. What was formerly regarded 
as an exuded material, is in the main coagulum, which has 
been deposited from the blood upon the roughened sur- 
face of the valve. This deposition of coagulum frequently 

Fig. 66. 




Aoiie Endocarditis, A granulation from the mitral 
valve, showing a fibrinous coagulum upon the surface 
of the granulation, x 10. (Eindfleisch.) 

occurs in endocarditis, the roughened and abnortnal endo- 
cardium acts as a foreign body and so causes a depo- 
sition upon its surface. This must not be confounded 
with the vegetations themselves. (Fig. 66.) 

If the inflammatory process is very acute the whole of 
the new tissue may break down, and thus a loss of sub- 
stance result — an endocardial ulcer. This takes place 
without any accumulation of cells sufficient to form an 
abscess, the new tissue simply becoming rapidly softened 
and disintegrating. In rare cases, however, small 
quantities of pus are found in the deeper endocardial 
layers. The ulcer is irregularly defined, and its edges 
are usually swelled and thickened. This ulceration may 
lead to perforation of the valve, or to a considerable 
destruction of its substance. Laceration or aneurism 
may also ensue from the pressure exercised by the blood 
against the damaged tissue. 

If the process "be less se^ieice, ^i^id the diatintegration of 
the new tissue less comp\etft, ^i^tife ^a"*^^^ ^i^^'a\fe'®» ^a^^ 
plotely organized into a fi^briS^a^t^^ ^\itx^^\»x«^, >«>Kivs^*^ 
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undergoes, in part, fatty and calcareous degeneration. 
These changes may result in the adhesion of the valves, 
either to one another or to the walls of the heart. They 
always produce permanent thickening, rigidity, and 
shrinking of their structure. The new tissue may con- 
tinue to grow after the severity of the process has sub- 
sided, and thus are produced the vegetations and papillary 
excrescences on the valves which are so commonly met 
with. These consist of a lowly-organized tissue, which 
tends quickly to undergo fatty and calcareous changes. 

Chronic Endocakditis. — This may be the sequel of 
acute inflammation, or the process may from its com- 
mencement be chronic in its nature. In chronic endo- 
carditis the formation of new cells is much less rapid and 
abundant than in the acute form ; the intercellular sub- 
stance consequently becomes much less softened and 
destroyed, and the new tissue has a much greater 
tendency to become developed into a fibrillated structure. 
The extent to which the new tissue becomes organized, 
however, varies. It may undergo partial retrogressive 
changes, and thas a loss of substance result (ulceration) ; 
or the organization may be more complete and lead to a 
fibroid thickening of the endocardium. In the latter 
case considerable induration and contraction of the valves 
or valvular orifice will result. Ihe new tissue frequently 
forms papillary growths on the valves, which undergo 
partial fatty and calcareous changes. 

riBROID INDURATION OF THE HEART. 

Fibroid induration of the heart, although alluded to by 
other observers, was first brought prominently under the 
notice of English pathologists by Dr. Quain.* The change 
consists in the development of a fibrillated tissue between 
the muscular elements. The process commences in the 



* "Lectures on Diseases of the WaWa oi \Xi5i 'Bl'^^t^.^ l.aiv«,V 
March, 1872. 
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mtermuBCDlar septa uonnd the blood-veaeeb. This be- 
comes infiltrated with small eellii which tend to become 
developed into a fibrillat«d stnicture. (Fig. 67.) The 
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growth of new tisaue gradually extends between the 
bundles o£ mnscnlar fibres, ea that nltimately each fibre 
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may be snirounded by a tract of dense fibroid tissue. 
(Fig. 68.) The mtiscnlar fibres tbemselves, owing to tbe 
resnlting interference witb their nutritive supply, atrophy 
and undergo fatty metamorphosis. (Fig. 68.) 

Fibroid induration of the heart appears in most cases 
to be induced by inflammatory processes commencing in 
the peri- or endo-cardium. When secondary to peri- 
carditis, the change is always most advanced in the more 
external portions of the cardiac walls, and it usually af- 
fects both the right and left ventricles. When, on the other 
hand, an endocarditis is the precursor of the indurative 
process, the change is most marked in the more internal 
muscular layers, and inasmuch as inflammatory processes 
in the endocardium occur almost exclusively in the left 
cardiac cavities, the left ventricle is principally involved. 

Although the growth of new tissue is thus usually 
most advanced either in the more external or in the more 
internal portions of the muscular walls, it is by no means 
uniformly distributed. In some parts it may be very 
dense, the muscular fibres being entirely obliterated, 
whilst in others it is almost entirely wanting, and the 
muscular elements present a normal appearance. 

Fibroid induration of the heart appears to occupy the 
same pathological position as similar fibroid changes in 
other organs — e.g., in the liver and kidneys. It must 
therefore be regarded as the result of a chronic inflam- 
matory process, which might be termed chronic myocar- 
dltis. Its effect must evidently be to interfere very 
materially with the motive power of the organ, and it 
consequently constitutes one of the most grave of all 
cardiac diseases. 

The cardiac walls bec9me much thickened by the new 
growth, and the induration of texture is often very con- 
siderable. In the specimen from which the accompanying 
drawings were made, the disease was apparently secondary 
to an endocarditis, and the walla oi t\ife \fti\, n^tlXx^rNr, ^^t'^ 
BO bard that they cut almost like a. p\ft(i^ c>i\fe\AQra.» 



CHAPTER XXXI. 

INFLAMMATION OP LYMPHATIC STRUCTURES. 

Inflammatory processes in lymphatic stmctnres usually 
result from their irritation by substances conveyed to 
them by the lymphatic vessels. They include — aoute 
and chronic inflammations, and the specific inflammation 
associated with Typhoid Fever. Each of these must be 
considered separately. 

ACUTE INFLAMMATION OF LYMPHATIC STaUCTUKES. 

Examples of acute inflammation of lymphatic structures 
are furnished by the inflammation of the glands in the 
axilla from a wound on the hand, of the glands in the 
groin from gonorrhoea, and of Peyer's and the solitary 
glands in the intestine from inflammation of the intestinal 
mucous membrane. 

The process consists in a hyperaamia of the gland to- 
gether with a rapid increase in the number of the lymph- 
corpuscles. This increase is probably due, partly to a 
hyperplasia of the original cells of the gland, and partly 
to the migration of blood-corpuscles. The corpuscles not 
only increase in number, but many of them become much 
larger in size, and their nuclei multiply. The cells of the 
trabeculoB also participate in the active process. The 
increase in the size of the elements and the multipli- 
cation of their nuclei "aBuaW.^ \fe«Aa \» ^^ ^t^sSsas^ksft. 
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of some larger cells containing three or four nuclei. 
These resemble the "myeloid cells." They have been 
already alluded to as being frequently met with in lym- 
phatic structures which are undergoing active processes. 
(See Fig. 35.) Owing to these changes the gland becomes 
considerably increased in size, soft and pulpy in con- 
sistence, and its cortical and medullary parts are no 
longer distinguishable. 

Upon the removal of the source of irritation the process 
may gradually subside, the new elements undergo dis- 
integration and absorption, and the gland return to its 
normal condition (Resolution). In other cases the process 
goes on to suppuration, the trabeculas are destroyed, 
many of the cells become disintegrated, and the loculi of 
the gland become filled with pus. This is usually asso- 
ciated with inflammation and suppuration of the sur- 
rounding connective tissue. In the glands of a mucous 
membrane the process gives rise to what is known as a 
follicular abscess. 

CHBONIC INFLAMMATION OP LYMPHATIC STRXJCTUEES. 

Chronic inflammations of lymphatic structures result 
from irritations which are less severe and more prolonged 
in their action than those which give rise to the acute form. 
The resulting hyperplasia of the elements of the gland 
is consequently a more continuous one, and the gland 
becomes more or less permanently increased in size. This 
hyperplasia takes place not only in the lymph-corpuscles, 
but also in the reticulum. These chronic imflammatory 
processes difler from the acute, inasmuch as they lead to a 
gradually increasing development of the reticular structure 
of the gland. The reticulated network becomes thicker 
and more fibrous, its meshes become smaller and smaller, 
the lymph- corpuscles diminish in number, and thus the 
gland hecomes hard and fibrous in con^tAXLCe. 

s 
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In those chronic inflammations of the lymphatic glands 
which occnr especially in scrofnions subjects, and in which 
the glands tend to become caseous, the process more 
closely resembles in its histological detaib what has been 
described as occurring in the acute form. Here the pro- 
liferation is principally confined to the lymph-corpuscles. 
These increase in number, and many of them become 
considerably enlarged and form multinucleated elements. 
The gland thus becomes enlarged} soft, and elastic in con- 
sistence, and of an uniform greyish-white colour. Owing 
to the obstruction to the circulation caused by the pressure 
of the new growth, the latter undergoes retrogressive 
changes and becomes caseous. The caseous material may 
subsequently liquefy, or become infiltrated with calcareous 
particles. 

INFLAMMATION OP LYMPHATIC STBUCTUBES IN 
TYPHOID PEVER. 

The inflammatory processes which occur in the 
lymphatic structures in Typhoid Fever, have their seat 
in the spleen, in the lymphatic structures of the intestine, 
and in the mesenteric glands. 

The Spleen. — In the spleen the change resembles that 
which occurs in many of the other acute febrile diseases, 
although it reaches its maximum in typhoid. The 
spleenic tissue becomes exceedingly vascular, and the lym- 
phatic elements increase rapidly in number, so that the 
organ often attains two or three times its natural size. 
Many of the new elements enter the blood, thus causing 
a slight temporary increase in the number of white blood- 
corpuscles. As the fever subsides, the hypersemia di- 
minishes, the hyperplastic process ceases, many of the 
new elements undergo disintegration and absorption, the 
remainder enter the blood, and thus the organ again 
attains its normal characters and dimensions. 
The Tntestvnal I/ympTiatlc SlTuduTea*— ^\^ Sa xo. ^<i 
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solitary and Peyer's glands that the most characteristic 
changes take place in typhoid fever. These stmctores 
may be involved throughout the whole of the small and 
large intestine, but in most cases the process is limited to 
those in the ileum and caacum; and those glands are 
always the most affected which are situated the nearest 
to the ileo-C8Bcal valve. 

The primary change here consists in an increase in the 
vascularity of the glands, and in a general proliferation 
of their lymphatic elements. Many of the elements also 
increase considerably in size, so as to form the multi- 
nucleated cells already alluded to. Both Peyer's patches 
and the solitary glands thus become considerably en- 
larged and prominent, standing up above the surface of 
the intestine. They are of a greyish- white or pale reddish 
colour, and of a soft, brain-like consistence. The sur- 
rounding mucous membrane is also exceedingly vascular, 
and is the seat of an acute catarrhal process. This 
catarrh is more or less general, and usually precedes the 
swelling of the glands. The new growth, in many parts, 
rapidly extends beyond the confines of the glands into 
the immediately surrounding and subjacent tissues, and 
even in some cases into the muscular coat. It may thus 
be said to become heteroplastic. 

The process now passes into the second stage — ^that of 
the death and disintegration of the newly-formed tissue. 
This may terminate in various ways. The enlarged 
glands, many of them, subside, the new elements 
become disintegrated and are absorbed, and the gland 
thus undergoes a gradual process of resolution. In 
others, the individual follicles of the gland rupture dis- 
charging their contents externally, and the patches then 
acquire a peculiar reticulated appearance. The most 
characteristic termination, however, of the typhoid pro- 
cess, is the separation of the dead tissue as a sIou^Icl^ ^tA 
the formation oi the typhoid ulcer, 

s2 
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The process of sloughing and niceration may, like that 
of proliferation, take place uniformly throughout the 
whole gland, in which case the whole mass is thrown ol^ 
leaving an ulcerated surface corresponding in size with 
that of the gland. More commonly, however, in the 
patches, the sloughing commences in different portions 
of the patch, and small irregular losses of substance 
result which may gradually extend until they form one 
large ulcer. 

Although, as already stated, the new growth may 
extend beyond the confines of the glands, this is rarely 
the case with the ulceration. The heteroplastic growth 
undergoes resolution, and hence the ulcers have the same 
configuration as the original glands; those originating 
from the patches being oval, with their long diameter in 
the direction of the gut; and those originating in 1^ 
solitary glands being spherical in shape. In rare caaett 
when there is much infiltration of the surrounding mucous 
membrane, the ulceration may extend slightly beyond 
the confines of the glands. 

With the sloughing and disintegration of the new 
tissue the process of proliferation ceases, and hence 
there is no induration or thickening of the base or edges 

Fig. 69. 




A Typhoid Ulcer of tJie Intestine (diagrammatic). Show- 
ing the undermined edges of the Tilcer, and the slough still 
adherent, a. Epithelial lining, b. Submucous tissue, 
c. Muscular coat, d. Peritoneum. 

of the ulcer. The base is smooth, and is usually formed 
of the submucous or muscular coat of the intestine. The 
edges are thin and undermined, and consist of a well- 
defined fringe oi congested mucous membrane. (Fig. 69.) 
This is best seen w\ven ^i^Q 9,'^\» Ha^Ck^^^\a.^^&Kt. In 
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some cases, however, the slonghing extends deeper, 
through the muscular layer to the sub-peritoneal tissue, 
and it may thus cause perforation and peritonitis. 

The third stage of the process is that of cicatrization. 
This takes place by the resolution of the peripheral 
heteroplastic growth, the approximation and union of 
the undermined edges with the floor of the ulcer, and the 
gradual formation from the margin of an epithelial 
covering. The gland-structure is not regenerated. The 
resulting cicatrix is slightly depressed, and less vascular 
than the surrounding mucous membrane. There is no 
puckering or diminution in the calibre of the gut. In 
some cases, however, cicatrization does not take place so 
readily, and the floor of the ulcer becomes the seat of a 
secondary ulceration. This usually takes place after the 
general disease has run its course, or during a relapse. 
Profuse haemorrhage and perforation more commonly 
result from this secondry ulceration than from the pri- 
mary sloughing of the glands. 

The Mesenteric Glands. — ^The change in the mesenteric 
glands is probably secondary to that in the intestine. 
These glands become the seat of an acute hyperplasia, 
and are enlarged, soft, and vascular. They usually, like 
many of the glands in the intestine and the spleen, 
undergo a gradual process of resolution. In rare cases, 
however, the capsule of the gland is destroyed, and the 
softened matters may escape into the peritoneal cavity 
and so cause peritonitis. The enlarged glands may also 
become caseous, and subsequently calcify. 



CHAPTER XXXII. 

INFLAMMATION OF MUCOUS MEMBRANES. 

In mucous nlembranes inflammatory processes are di- 
vided into catarrhal^ and croupotbs or fibrinous inflamma- 
tions. 

Catarrhal Inflammation. — Oatarrlial inflammation, 
or as it is more commonly called cata/rrh, is mnch the 
more frequent. In its milder forms this is cliaracterized 
mainly by an increased secretion of mucus. A hyper- 
aBmia of the membrane is followed by an abnormal pro- 
duction of epithelial and mucous elements. The liquid 
which transudes from the blood-vessels is more abundant, 
the small, spherical, newly-formed cells which constitute 
the mucus-corpuscles are produced with increased ra- 
pidity, and the result is an increased secretion of mucus 
rich in corpuscular elements. These young cells are 
many of them emigrant blood-corpuscles, others are pro- 
duced within the epithelial cells by endogenous multipli- 
cation. As the proliferation continues, many of the 
epithelial elements become loosened and are discharged 
with the mucus, and within these groups of bodies may 
occasionally be seen, which are evidently young mucus- 
corpuscles. (Fig. 70.) The secretion of the mucous 
glands is also increased. Owing to these changes, the 
mucous membrane becomes swelled and abnormally vas- 
cular. The increased va.aciularity is evidenced by redness 
during life, but aitet dea.>iJti ^iiClft \3^ciQ^ wajoaSc^ ^-^^rs^ 



INFLAMMATIOK OF HCCOUS MEMBRANES. 263 

oDt of the vesBek, and the membrane maj look paler 
than natnral. 

PlO 70 




Calarrhallnftammattmi qf Ihf Conjunct va a. Epitheliuia. 
b. Sub-epithelial connective tisBUt. Showing the pruiifsiS' 
tjon of the epithelium, and the origin of the young elements 
within the epithelial ceUe. (BindfleiBch.) 

If the irritation be more severe, the vascular pheno- 
mena are more marked, the production of joung elements 
is more rapid, thej are smaller and not so well developed, 
the epithelium loosens and falls off more readilj, and the 
secretion becomes pnriform from the great number of 
corpuscular elements which it contains. Many of these 
elements are indistinguishable from pus- corpuscles, others 
are somewhat larger and resemble the corpuscles of 
normal mncns. Between the corpuscles of mucus and 
pus there is no line of demaroation, the cue passing by 
insensible gradations into the other. The former are 
somewhat larger and more regular in shape than the 
latter, and usually contain only a single nuclena. As the 
process continues the sub -epithelial tissue ia gradually 
Involved, and becomes infiltrated with young cells. Owing 
to the loss of epithelium, the surface of the membrane 
may at the same time become more or less irregular, and 
present aumerouB irregular abraaions oi liiiwa. 
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These changes in the mncons membrane itself are 
accompanied by a hyperplasia of the lymphatic stmctnreB 
which it contains. The lymph-follicles become enlarged 
from the multiplication of their elements. Their contents 
may soften and form a minute pseudo-abscess, and this 
bursting gives rise to a small ulcer. These are the folli- 
cular ulcers so often seen in catarrhal conditions of the 
intestines and pharynx. The ulceration in some cases 
extends beyond the confines of the follicle. The proper 
glandular structures may also become involved. Their 
epithelium multiplies, the glands become choked with the 
epithelial elements, and they may subsequently atrophy. 
This is seen in catarrh of the stomach. 

The acute process may quickly subside, or it may be- 
come chronic. In the latter case the vascularity dimi- 
nishes, but the multiplication of elements continues both 
in the epithelial and sub-epithehal tissue, as does also Ihe 
increased secretion of mucus (suppuration); the latter 
thus becomes thicker and more puriform in character. 

Chronic catarrhal inflammations of mucous membranes 
differ from the acute, inasmuch as the sub-epithelial con- 
nective tissue is much more extensively involved. This 
tissue becomes infiltrated with young elements which 
may ultimately form a more or less completely fibrillated 
structure. The membrane thus becomes indurated and 
thickened, and the pressure exercised by the new tissue 
may induce atrophic changes in the glandular structures 
which it contains ; by preventing the exit of their secre- 
tion it may also cause them to dilate so as to form cysts. 
This atrophy of the proper glandular structures is seen 
in chronic catarrh of the stomach. These changes in the 
sub-epithelial coimective tissue are usually accompanied 
by enlargement of the lymphatic structures, an en- 
largement which sometimes gives to the membrane a 
nodular or granular appearance : this is well seen in the 
pharynx (follicular pharjugAKsV IV^ ^-^^x^^ Vj^* 
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phatic stmotfores may also oonstitate tbe Btarting-points 
of an nlcerative process. (See '* Tabercnlosis of Mucous 
Membranes.") In some situations, as the stomach and 
intestine, the membrane often at the same time becomes 
deeply pigmented. 

OaoTTPDUS OR FiBRiNOXJS INFLAMMATION. — ^This is a more 
intense form of inflammation than the preceding, and is 
characterized by the exuded liquids containing so large a 
proportion of fibrinogenous substance and albumen that 
they coagulate within and upon the surface of the mem- 
brane. Fibrinous inflammation may be induced artifl- 
flially by severe irritants, and it occurs in croup, diph- 
theria, and in some cases of dysentery. 

At its commencement the process is simply a severe 
catarrhal one, consisting in an increase in the vascularity 
of the membrane, together with an exudation of liquor 
sanguinis and blood-corpuscles, and proliferation of the 
epithelial elements. The proportion of fibrinogenous 
substance and albumen exuded, however, is much greater 
than in the less severe catarrhal inflammation, and these 
coagulate more or less completely within and upon the 
sorface of the membrane, enclosing as they do so the 
innumerable newly-formed cell-structures. 

Croup, — In croup the exuded materials coagulate prin- 
cipally upon the surface of the membrane, where, together 
with the newly-formed cellular elements, they form the 
false membrcme. This, which can readily be removed from 
the subjacent epithelial layers, consists of amorphous or 
finely fibrillated fibrin enclosing innumerable epithelial 
cells and pus-corpuscles. In consistence it varies con- 
siderably, being in some cases firm and tough, in others 
soft and amorphous. After its removal, the membrane 
is left partially deprived of its epithelium. If the process 
subsides the epithelium is reproduced and the part 
returns to its normal condition ; but if it continues, a 
fresh false membranS is formed. Aa \Jaft m^^axDLTc^a^Yws. 
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extends downwards into the trachea and broncld, a 
gradual transition may often be observed from cronpons 
to catarrhal inflammation. In the upper part of the air 
passages, where the process is most intense, the exuda- 
tion is fibrinous, but in passing downwards, where it 
becomes less severe, the membrane is simply coated with 
mucus. 

Diphtheria, — In diphtheria, the exuded Hquids also 
contain a large proportion of coagulable material The 
textural change differs, however, from that in croup, inas- 
much as the submucous tissue becomes more extensively 
involved, and the liquids coagulate not only upon the 
surface but also within the substance of the membrane, 
so that the exudation cannot be so readily removed. The 
pressure exercised by the exuded substances and by the 
new growth, interferes with the circulation, and so canses 
the death and sloughing of portions of the membrane; 
the slough, after it has separated, leaving a considerahle 
loss of substance. 



CHAPTER XXXIII. 

INFLAMMATION OF SEROUS MEMBRANES. 

Inflammatory processes in serous membranes vary in 
their intensity, and in the amount and character of the 
efinsion. 

The process commences, as in mucons membranes, 
with hypersBmia, exudation of liquor sanguinis and emi- 
gration of blood-corpuscles, together with increased 
activity of the endothelial elements. The endothelial 

Fig. 71. 




Iiijlamed Epiploon qf a Rabbit. Showing the 
endogenous proliferation of the eudotheUum. 
X 250. (Cornil and Ranvier.) 

cells enlarge and become more granular, their nuclei mul- 
tiply, and thus several new elements are formed within a 
single cell (endogenous multiplication^ itoTCL ^\ii.OcL *Cci<s^ 
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Bnbseqnentlj escape, and in this way a nnmber of ne* 
cells are produced. (Fig. 71.) The smaU, ronnd, newlj- 
formed elements, together with some of the older c«lla 
and a large niunher of emigrant blood-corpasdea, escape 
with the exoded liqnor sangninis into the serous cantj, 
where thej laetj continue to exhibit their formatiit 
activity. 

Owing to these changes the membrane loses its natnnil 
smooth and glistening appearance, and becomes opaqnt, 
roughened, and eioeedinglj Tascular. Its snrfaee at tlw 
same time becomes corered with a fibrinous layer, and 
more or less liquid transmdes into its cavity. The ma- 
terial which exudes from the vessels and subsequentlj 



Infiammallon nf ft< JMOjiftroffiiiarto rh\iTa. Show- 
ing tbo adhereDt fibrinous layor. a. Muscular coat of 
dJ&pfangiD. h. Sob-serous tisGUe. c Serous mem- 
brsue, e. Fibrinous layer, k 400. (Hludfleiech.) 

coagulates, exists as a soft, elastic, membranous, or reti- 
culated investment, either gluing the two surfaces of tlie 
membrane together, or, if they are separated by hqnid 
efiiision, forming a slightly adherent layer. (Pig- 72.) 
The exuded hquid varies cousiderablj in amount and is 
always turbid, t\\na diSftring Etcra non -inflammatory effii- 
sions. It contarms Ssikes aaS. -mBasKSi sS. wsa.'j^isisji. 
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Sbrin and innamerable cell-stmctares, the latter being 
in the earliest stages of the process almost entirely emi- 
grants. SimDar elements are embedded in the adherent 
fibrinous layer. 

The nature of the subsequent changes will depend upon 
the intensity of the inflammation, and upon the amount 
of liquid exuded into the serous cavity. If the inflam- 
matory process subsides, and the liquid exuded is not 
sufficient to prevent the two surfaces of the membrane 
from coming into contact, they grow together and form 
an adhesion. This constitutes the so-called adhesive 
iAijlammation, The union is effected by the formation of 
connective tissue. The small round cells embedded in the 
fibrinous layer become elongated and spindle-shaped, the 
fibrinous material fibrillates, and numerous new vessels 
are formed. Many of the latter atrophy and disappear 
as the organization becomes complete. The process is 
thus precisely similar to that which takes place in the union 
of an incised wound. It is probable also that in some 
cases union may take place without the intervention of 
any fibrinous layer, by the formation and growing to- 
gether of irregular papillary outgrowths fi"om, the ,sub- 
endothelial tissue. 

If, however, the inflammatory process is severe, or the 
surfaces of the membrane are separated by a large quan- 
tity of liquid effusion, organization and adhesion cannot 
be thus readily effected. If a large quantity of liquid 
exists in the serous cavity, the removal of this becomes 
necessary before union can take place. If the inflamma- 
tory process continues, or its severity is great, union is 
prevented by the formation of pus. These two condi- 
tions must be considered separately. 

The existence of a large amount of effusion interferes 
with the adhesion of the serous surfaces, and before this 
can be effected the absorption of the liquid becomes 
neceBBary. In some cases this occurs 'verj x^^\^ , '^'cst^ 
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freqnentlj, however, the process is more prolonged, and 
the snb-endotheliaL connective tissue becomes involved 
before absorption takes place. When this is the case the 
connective tissne of the serous membrs^ne becomes infil- 
trated with young cells, which form a granulation- tissue 
beneath the layer of proliferating endothelium. The 
endothelium itself gradually becomes less abundant, and 
the fibrinous exudation undergoes fatty changes and 
liquefies. The new granulation-tissue becomes exceed- 
ingly vascular from the formation of numerous blood- 
vessels, and if the inflammation subsides, it gradually 
developes into connective tissue, and thus a false mem- 
brane is formed rich in vessels which takes the place of 
the endothelial layer. As the liquid is absorbed, the 
two surfaces of the membrane come into contact and 
grow together, the new vessels becoming gradually ob- 
literated. 

If the inflammatory process does not subside, or from 
its commencement is of considerable severity, it is at- 
tended by the formation of large quantities of pus. In 
this case the emigration of blood-corpuscles is so con- 
siderable that the young elements exist in large enough 
numbers to give to the exuded liquids a puriform character. 
The eflPusion is then termed purulent (empyema). As the 
connective tissue becomes involved and a granulation- 
tissue is formed, this may continue to generate pus like 
an ordinary granulating wound. If the pus be removed, 
the suppuration may gradually cease, the granulation- 
tissue develop into a fibrous structure, and the union 
of the serous surfaces thus be effected. The serons 
membrane becomes greatly thickened, and the new tissne 
undergoes considerable contraction in the process of its 
organization. 



CHAPTER XXXIV. 

INFLAMMATION OF THE LIVER. 

Inpiammatobt processes in the liver are either acute or 
chronic. Acute inflammations, leading to suppuration, 
are usuallj infective in their nature, resulting from the 
transmission of infective materials from inflammatory 
lesions in the abdominal organs or in other parts. The 
processes are consequently most frequently disseminated 
and confined to small portions of the hepatic substance. 
The pus-corpuscles — which usually accumulate so as to 
form an abscess — are almost entirely emigrants, although 
recent investigations render it highly probable that they 
may also originate by the endogenous proliferation of the 
liver-cells. 

Chronic inflammatory processes in the liver, being of 
much less intensity, lead to a gradual increase in the 
connective tissue of the organ, and consequently to indu- 
ction and to the subsequent atrophy of its proper struc- 
ture. They constitute what is known as interstitial hepa- 
titis, or more commonly as cvrrlwsis. 

CIKRHOSIS OP THE LIVER. 

Cirrhosis of the liver, or interstitial hepatitis, is charac- 
terized by a gradual increase in the connective tissue of 
the organ and by subsequent atrophy of the liver-cells, so 
that when examined with a low magmi^in^ ^oti^t, ^ihi^^ 
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acini are Been to be separated I17 broad tracts of ne 
teretitial growth. (Fir. 73.) 




ClrrlKsit qf the Liier. Showing thn growtb of con- 
I nective tiBaue betwaeD the hspalio lobulaa. a. Lobules. 
h. New growth ol interlobular comiectiva dssue. x 16. 

The process nsuallj commences in tbe connective tlMoe 
sniTonnding the smaller branches of the jwrtal vein, and 
gradnsllj involves that Barrounding the larger ones, until 
nltimately the connective tissue throughont the wlole 
organ may become involved. This tissue becomes ijifil- 
trated with small ronnd cells, from which are produced ft 
more or less completely fibrillated structure, contaiuing 
in the earlier stages of its development nnmeroiu ne* 
blood-vessels which are supplied by branches of the heps- 
tic artery. The change is rarely uniform, but is mmi 
more advanced in some parts than in others. ■ In mwij 
plaees the new tissue consists almost entirely of ceUti 
whilst in others the fibrillation is much more marked, a 
the growth forms a network of homogeneous bands wittm 
the meshes of v<\uch. Alie cellular elements are groixpA 
In short, the TaaculaT aai "wJiii ^^lias %ti:sff^^ 
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dnaUjaasumeB the characters of cicatricial tiBBue, the ves- 
sels at the same time hecoining ohliterated. (3eeFig. 63.) 
The effect of the new growth \b ultimately to cause 
atrophj of the hepatic cells, and to ohstruct the circula- 
tion through the portal capUIariee and the passage of bile 
throngh the bile-dncts. This effect is materiallj increased 
by the process of contraction which the new tissue nndei- 
goes. The hepatic cells iu the outer zone of the lobules 
are the first to atrophj ; the new tissue insinnating itself 
between them, bo aa to gradually involre the intercellular 
network. (Fig. 74.) The cells then become smaller antl 



atrophy of tho liver-cells, x 200, 

undergo fatty metamorphosis; and ultimately they are 
completely destroyed. Those in the central parts of the 
lobule are in the earlier stages but little altered, although 
they are often stained with bile. As the growth extends, 
however, these also become aonihilatM, and the wbolft 
lobnle is replaced fcj connective tisane. Tlift c^fiaVa \3(i* 
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outer part of tlie lobules are sometiines infiltrated with 
fat prior to their destruction, the cirrhosis being asso- 
ciated with fatty infiltration. 

The obliteration of the portal capillaries by the new 
tissues gives rise to ascites, hsematemesis, diarrhcea, en- 
largement of the spleen, and to the other results of portal 
congestion. Obstruction of the bile-ducts, although it 
may cause staining of the hepatic substance, is rarely such 
as to interfere with the passage of the bile into the intes- 
tine, and hence there is usually but little general jaundice. 

Physical characters. — The liver in the early stages of 
cirrhosis is usually slightly enlarged, the enlargement 
being almost uniform. In some cases the increase in size 
may be considerable. The edge is rounded and thickened. 
If the new tissue is very rapidly produced, the consistence 
may be somewhat diminished ; much more commonly, how- 
ever, the organ is from the first tougher than natural and 
breaks down less readily under the finger. The chanicters 
which it subsequently presents depend upon the distribu- 
tion of the new tissue. If this is uniform, there will be a 
gradual and almost uniform diminution in size, and the 
surface and shape will be but little altered. If on the 
other hand, as is much more frequently the case, the new 
tissue is more abundant in some parts than in others, or 
undergoes irregular contraction, the resulting atrophy 
will be correspondingly irregular and the surface of the 
organ will be granular and nodular. In the later stages, 
the liver is exceedingly firm, dry, tough, and fibrous. On 
section, the new tissue is visible to the naked eye sur- 
rounding the lobules and in many parts completely re- 
placing them. This gives to the cut-surface a mottled 
granular appearance, the lobules themselves contrasting 
with the new interlobular tissue ; and this appearance is 
sometimes increased by fatty infiltration of the cells in 
the peripheral zone. Tlve capsule also may be thickened, 
and the organ is Bometi"mfta ^\*^iv3vfc^^SJCiv\s^<i. 



CHAPTER XXXV. 

mPLAMMATION OF THE KIDNET. 

lypTiAMMATOBY processes in the kidney present certain 
variations according to their intensity. They comprise 
sv^pptMratwe, tubals and mteretitial nephritis. Of these, 
Buppuratiye nephritis, as the name implies, is an intense 
inflammation leading to the formation of abscess. It 
usually results from the transmission of infective ma- 
terials from some primary lesion, and it consequently 
belongs to the class of infective inflammations. Tubal 
nephritis is also an inflammation of considerable intensity, 
but much less so than the suppurative variety. In it the 
structural changes have their principal seat in the 
tubular epithelium. Interstitial nephritis is an inflam- 
matory process which runs a more chronic course, and is of 
less intensity than either of the preceding. Consequently 
in it the principal structural changes take place in the 
connective tissue around the blood-vessels — in the inter- 
tubular connective tissue. (See " Chronic Inflamma- 
tions.") It must, however, be distinctly borne in mind 
that these two varieties of anatomical changes — ^those in 
the tubular epitheliimi and those in the intertubular 
connective tissue — are very frequently associated. Tubal 
and interstitial nephritis cannot therefore be separated 
from one another by any distinct line of demarcation. 
They might, perhaps, be more correctly designated acute 
and chronic nephritia, 

t2 
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SUFPUBATIVE NEPHBITI8. 

Acute inflammatory processes in tlie kidney attended 
by the formation of pus, give rise to renal abscesses, Sncli 
processes, as already stated, are usually infective in their 
nature, resulting from the transmission of infective ma- 
terials from some primary lesion. They are for the most 
part associated with inflammation of the pelvis of the 
kidney, such as is produced by a renal calculns ; or with 
those inflammatory changes in the mucous membrane <^ 
the urinary tract which result from vesical calcnliu, 
urethral stricture, or enlargement of the prostate, lliey 
are also met with in pyaemia. The resulting suppnisizve 
processes — as is usually the case in infective inflam- 
mations — are consequently disseminated, and nnmeroiiB 
abscesses are thus formed in the substance of the Grgim. 
These abscesses are often surrounded by a zone of hyper- 
SBmic tissue. They may gradually coalesce, and so form 
one large abscess occupying the greater part of the kidney 
substance. 

TUBAL NEPHEITIS. 

Tubal nephritis, or as it is also called acute desquama- 
tive nephritis, is one of those morbid processes which con- 
stitute Bright's disease, of which it is the most common 
acute variety. The process, which has its seat mainly in 
the cortex, comprises an increase in the vascularity of 
the organ, exudation into the urine tubes, and swelling 
and proliferation of the tubular epithelium. 

The earliest change in the organ consists in an inflam- 
matory hyperaamia, accompanied by exudation into the 
urine tubes. Many of the capillaries at the same time 
frequently rupture, and thus there is an escape of blood- 
corpuscles and of liquor sanguinis into the tubes of the 
cortex ; hence tlie "bloo^i onA. " lalood-casts** in the urine 
which are so ciViara^tensktiCi ci^ ^ihi^ ^^^1 ^\a.%^ ^^'^'^ 
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disease. Tlua liTpenemia and exudation are followed bj 

BweUing and proliferatioii of the epitheUaca in tite cortical 
tubes. (Fig. 75.) Tlie epithelial elements become Bwollen 




TWkU Xephritla. The earlier stage of the process. Shov ■ 
ing the Bwelluig of the tabular epithelium. lo some of the 
tabes the epithelium has fallen out during the prepatation 
cd the aectiou. x 200. 

uid granular. The graniilea, which are often so name- 
ToaB as to occlnde the nuclens of the cell, are probablj 
klbnminoas matters which have been taken np by the 
protoplasm. They are Bolable la acetic acid, and thns 
difier from molecnlar fat. This is the condition known 
as " clondy sweUing." The enlarged and granular epi- 
thelial cells may then proliferate, and thus new ele- 
ments are produced. These, together with the older 
cells, which become loosened, accumulate within and 
distend the tabes of the cortex (JPir, ^?)i, wvi wot«, 
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of them are washed avay and appear in tl 

as " epithelial casta." 

Fi6, 76. 




TabalSiBjir{li$—a8bigleUrimTube. Showing the »con- 
raolation Oi epithelial elementB vithin the tate. Id tlie 
few celtB which have eecsped is Been the gruialar condi- 
tion of the protoplnsm. » 350. 

Owing to tJiese changes the o^on becomes considerably 
increased in size and exceedingly Taecnlar. The capsule 
separates readily, exposing a perfectly smooth hut veiy 
vaacnlar surface. The conaistence is diminished, the 
tissue breaking with a soft friable fraotore. On section, 
the increase in the size of the organ is seen to be prin- 
cipally due to the iocreascd thickness of the cortex. 
This ie either of a reddish-brown, or of an opaqne-white 
or pale buff coloor ; these differenoea depending upon the 
relative proportion of blood and of accumulated epithelial 
elements. Although in the earhest stage the colour ie 
redder than natural, it usually soon becomes pale and 
opaque. This is owing to the swelling of the epithelial 
elements and to their accnmnlation in the cortical tubes. 
The blood becomes expressed from the intertnbular 
Teesels, and hence the increased vascularity is most 
evident in the Malpighian corpuscles, beneath tbe 
capsule, and in the pyramidal portion of the organ. 
The Malpighian ooi^oadca sUmi out as prominent 
red points, and the p^tami4«X ca^ea «« qI ^b. isse^tsi 
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colour, thus contrasting strongly with the pale opaque 
cortex. • 

The termination of the process varies. The increased 
vascularity and epithelial proliferation may subside, and 
the newly formed elements passing away in the urine, 
the organ gradually return to its normal condition. This 
is the most common termination when the inflammation 
is the result of scarlet fever. In other cases the disease 
continues ; and although the vascularity diminishes, the 
vitality pf the epithelial elements becomes so much 
impaired from the inflammatory process that they 
undergo retrogressive changes. The cells then continue 
to come away with the urine, adherent to the casts, but 
instead of presenting the swelled granular appearance as 
in the earlier stage of the disease, they contain molecular 
fat. This fat gradually increases in amount as the dege- 
neration proceeds, until xdtimately the cells are destroyed 
and it appears as free molecules and granules on the 
tube-casts. 

This fatty degeneration of the epithelium is attended 
by corresponding changes in the appearance of the organ. 
The redness diminishes, and the Malpighian corpuscles 
are less prominent. The enlarged cortex presents a 
uniform yellowish tinge, studded with minute yellowish- 
white streaks. This is owing to the presence of fat in 
the tubes of the cortex. This fatty stage, if only 
slightly advanced, may undoubtedly pass off. The 
degenerated cells are carried away by the urine, from 
those which remain in the tubes the fat is probably 
partially absorbed, the retrograde process gradually 
ceases, and the organ returns to nearly its normal size 
and condition. 

When the inflammatory process is of longer duration 
the intertubular connective tissue becomes involved. 
This tissue becomes infiltrated with small cells which 
vHUmateljr tend to form a fibriHated attwctoc^. TVi'^^'^'^ 
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intertubnlar growth may gradnaJlj increase, and by its 
contraction lead to more or less irr^nlar atrophy of the 
organ, snch as will be described as occurring in interstitial 
nephritis. In other cases death ensues before any con- 
traction takes place in the liew intertubnlar material, and 
thus the organ may remain smooth and large to the ter- 
mination of the disease. The intertubnlar growth is 
sometimes found thickly studded with fatty gprantdes. 
These are probably derived from the epithelial elements, 
and their presence would appear to indicate that the 
products of the retrogressive metamorphosis of the tubnlar 
epithelium were undergoing a process of absorption. 

INTERSTITIAL NEPHBITIS. 

Interstitial nephritis, or as it is sometimes called 
granular degeneration of the kidney, occurs most fre- 
quently in the condition known as chronic Bright's 
disease. The process is usually chronic in its course, and 
is characterized, like the corresponding one in the liver, 
by a gradual increase of the connective tissue of the 
organ, and by the consequent atrophy of the tubal 
structures. 

The first change in the kidney consists in an increase 
of the connective tissue between the urine tubes. In the 
earliest stages of the ]^rocess the intertubnlar tissue 
becomes abnormally vascular and infiltrated with yonng 
cells. If the growth is very rapid, these may be exceed- 
ingly numerous, and the intercellular substance soft and 
amorphous. More commonly, however, the process is less 
acute and the cells less numerous, and the new tissue 
quickly tends to become developed into a fibrillated struc- 
ture, the blood-vessels at the same time diminishing in 
number. This is the condition in which it is usually met 
with. (Fig. 77.) These changes are almost entirely 
Zzmited to the coitical "^ot^Votl oi ^^ '^^<5s^, ^ssl^ al- 
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being nsuallj most eo aroond the Malpightan bodies and 
in the neighboarhood of the capanlu, with which it is 
closelj united. In this stage the tnbea and their epithe- 
lium are unaffected. 

In this earlj etage, the kidney is often somewhat in- 
creased in size, the capsnle usnaUy separates less readilj 
than in health, and the surfaee of the organ is sHghUy 
grannlar. On section, the cortical anbatauce is in some 
cases paler, in othera redder than natural. The latter is 
the case when the process is secondary to mechanical 
congeation. The cut snrface also looka obscurely gra- 
nular. The Malpighian bodies stand out aa red points, 
and the baaea of the pyramids an^L eoitafv^ <^ *^ cn^gub. 



mm 

282 INFLAMMATION OF THE KIDNEY. 

nra freqnently hyperffimio. The con sistence of the Ofgan 
is UEuallj slig-htly denaer and tougher than natonJ- 
Thia, however, will vary with the character of the new 
tissue, as will also the increase in size and the irregolaritj 
of the surface. If the new tiasoe is slowly developed 
and conaistB principally of fibres, the size wjU be bit 
little inoreased, whereas the increase in consistence bii3 
the granular condition will he more marked. If, oa the 
other hand, the process be more acute, and the cell^ilnr 
elements predominate, there will he a greater increase in 
size, the granular character will be slight, and the fan- 
Bistence may be even softer than naturaL 

The aeoond stage in the process is characterized by the 
atrophy of the tubular structures. (Fig. 78.) This is 
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owing to the pressure eiercised by the intertubalM 
growth, and to the cicatricial contraction which it iiii' 
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deigoes. The atrophy oonsequentlj is not tmiform, but 
is more marked in some parts than in others. The organ 
gradnallj [diminishes in size owing to the atrophy of the 
cortex, which may nltimatelj become ahnost completely 
destroyed. The blood-vessels become irregularly com- 
pressed, in many parts being entirely obliterated : their 
walls also become thickened. The tubes, like the vessels, 
are not uniformly affected. Many of them are unaltered 
or merely slightly dilated, whilst others become com- 
pletely destroyed. The epithelium at the same time, 
owing to the interference with its nutritive supply, gra- 
dually undergoes retrogressive changes, so that it con- 
tains molecular fat. In the latter stages of the disease 
there is sometimes a proliferation of the epithelium. The 
irregular pressure exercised by the new growth also 
gives rise to the formation of cysts. These originate 
partly in the Malpighian capsules, and partly in the 
Tttine tubes-tlie latter beooming irregrilarly dilated. 

In this more advanced stage the kidney is diminished 
in size. Its surface is more granular, the capsule more 
thickened and adherent, and it cannot be removed with- 
out tearing the kidney substance. The superficial vessels 
are seen unduly marked in the depressions between the 
granulations. The cortex is tough and fibrous, of a 
yeflowish-grey or buff colour, mottled with yellow streaks 
and patches ; and usually some small cysts are distri- 
buted throughout it. Calcareous deposits are also often 
seen as white streaks between the tubes of the pyramids. 

When the change is the result of mechanical conges- 
tion the organs present somewhat different characters 
from those above described. The interstitial growth in 
the cortex takes place more uniformly, and hence the 
granular condition is less marked. The subsequent 
atrophy also is much less, and the appearance of the 
organs becomes altered from the large amount of blood 
which they contain. 



CHAPTER XXXVI. 

INFLAMMATION OP THE BKAJN AND 
SPINAL COED. 

Inflammatoey processes in the nervous centres are 
probably mucli less freqnent than was formerly sup- 
posed. Many of those morbid changes in the brain and 
spinal cord which are attended by softening, and whioh 
were at one time regarded as the result of inflammation, 
are now known to owe their origin to simple interference 
with the vascular supply, such as results from embolism, 
thrombosis, or degenerative changes in the walls of the 
blood-vessels (see " Fatty Degeneration of the Brain"). 

The irritation which determines the occurrence of 
inflammation in the brain or cord is most frequently 
some external violence — a blow, simple concussion, or 
fracture of the osseous framework. In other cases it is 
diseased bone, as in the inflammation of the brain which 
so often results from disease of the petrous portion of 
the temporal bone. 

The resulting inflammatory process is almost invariably 
limited to small portions of the cerebral or spinal 
substance. It is attended by the formation of pus, and 
usually leads to the formation of an abscess. The earliest 
change consists in intense and localized hypersemia, 
which is frequently attended by rupture and minute extra- 
vasations of blood. The nervous tissue then becomes 
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infiltrated with jonng cells and considerably softened, 
and it presents a uniform red or mottled colour. The 
nerve-fibres become disintegrated, and the nerve-cells 
may undergo fatty degeneration, thus forming the so 
called " inflammatory," or " exudation corpuscles" (see 
Fig. 6). In most cases the accumulation of young cells 
is sufiicient to give rise to the formation of an abscess, 
and a yellowish or reddish puriform liquid gradually 
takes the place of the original softened mass. The tissue 
surrounding the abscess is also hyperaemic, softened, and 
infiltrated with cells. The abscess may gradually extend ; 
much more commonly, however, it becomes limited and 
encapsuled by the formation of connective tissue from the 
neuroglia. When thus encapsuled, it may gradually dry 
up into a caseous or calcareous mass, or the absorption 
may be more complete so as to leave little more than a 
cicatrix. Respecting the source from which the young 
cells are derived — ^they are probably almost entirely emi- 
grants, although they are possibly also partly the ofispring 
of the cells of tbe neuroglia. The nerve-cells themselves 
appear to undergo no active changes in inflammation. 

In addition to these localized and acute inflammatory 
processes, changes of a much more chronic nature, and 
often of a much wider and more general distribution — 
which are probably to be regarded as inflammatory — are 
met with in the nervous centres. These are characterized 
by a gradual increase in the connective tissue (neuroglia) 
and by atrophy and disintegration of the proper nervous 
elements. 

Inplammatoey Softening op the Brain. — Conditions 
of softening of the cerebral or spinal substance resulting 
from inflammation, other than those which have been 
above described, probably rarely, if ever, occur as primary 
lesions. Most varieties of softening which were formerly 
described as inflammatory — either from the red colour of 
the softened tissue or from the acuteness of the process — 
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result, as already stated, from embolism or throxnbosis 
(see ''Embolism in the Brain"), or are simply passiTe 
degenerative changes in which more or less extravasation 
of blood has taken place into the softened tissne (see 
" Fatty Degeneration of the Brain"). Inflammation and 
consequent softening of the nervous tissne, however, by 
no means nnfreqnently occurs as a secondary process. It 
takes place especially around dots of blood or other morbid 
products within the brain or spinal cord, and results from 
the injurious iufluence which these substances exercise 
upon the immediately adjacent structures. Such a result 
is not unfrequent in cases of cerebral hemorrhage. The 
nerve-tiBBue immediately surrounding the clot becomes 
the seat of an inflammatory process, and it is found after 
death softened, hypersBmic, and infiltrated with yonng 
cells. Inflammation of the superficial portions of the 
cerebral and spinal substance also occurs as the result of 
meningitis. 



CHAPTER XXXVII, 

INFLAMMATION OP THE LUNGS. 

In the lungs, inflammatory processes comprise the three 
following varieties : — CrowpouB, cata/rrhal, and interstitial 
pneumonia. Of these, the former occurs as an indepen- 
dent affection, whereas the two latter are almost invari- 
ably the result of some antecedent bronchial or pnlmonary 
inflammation. 

CBOUPOXJS PNEUMONIA. 

Groupcms, exudatvoe, or loha/r pnenmonia, is charac- 
terized by intense inflammatory hyperaBmia and by the 
Exudation of a large amount of coagnlable material into 
the pnlmonary tissue. It is termed ** croupous" because, 
Uke the croupous inflammation of mucous membranes, 
kte exuded liquids contain a large quantity of fibrino- 
^enous substance. This form of pneumonia almost in- 
variably affects an extensive portion of the lung, hence 
lite term " lobar" which is applied to it. The process is 
Ciommonly described as consisting of three stages — 1st, 
bhat of engorgement ; 2nd, that oired hepatization; and 
Brd, that of grey hepatization. 

In the fi/rst stage, that of engorgement, the lung becomes 
exceedingly vascular, the changes in the blood-vessels and 
circulation being such as have been already described as 
eharacteristic of inflammation. The organ is of a dark 
Ted colour, its specific gravity and absolute weight are 
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exndation of liquor sanguinis and migration of blood- 
corpuscles into the pulmonary tissue. Some of tlie vessels 
may also rupture, and thus small extravasations occur. 
The exuded liquids coagulate within the air-vesicles and 
in the interstices of the interlobular tissue, the coagulum 
enclosing numerous white and some red blood-corpuscles. 
The lung is now much heavier than in the preceding stage. 
It contains but little or no air, usually sinks in water, and 
cannot be artificially inflated. It does not crepitate under 
the fingers, but is. remarkably friable, breaking down 
readily with a soft granular fracture. The cut surface is 
of a dark reddish-brown colour, and it presents a granu- 
lar appearance, the granules being the plugs of fibrinous 
coagulum contained in the air-vesicles. These granules 
also sometimes give to the reddish-brown organ a peculiar 
grey mottling. Throughout this stage there appears to 
be but little alteration either in the alveolar walls or in 
the alveolar endothelium. The former are often seen to 
contain a few leucocytes, and the latter may be somewhat 
swollen and granular. (Fig. 79.) 

The thvrd stage, that of grey hepatization, is charac- 
terized by a continuance in the emigration of leucocytes, 
and by cell-proliferation. The white blood-corpuscles 
continue to escape from the vessels, and thus their num- 
ber within the alveoli gradually increases. It is probable 
that they may also increase by multiplication. The 
endothelial cells lining the alveolar walls, which were 
only swollen and granular in the earlier stage of the pro- 
oesSy now undergo more active changes. Their nuclei 
enlarge and multiply, and ultimately numerous new 
young cells are produced, many of which are indistin- 
guishable from the emigrant blood- corpuscles. The pul- 
monary alveoli thus become completely filled with young 
cell-forms, so that the fibrinous exudation is no longer 
visible as an independent material, as it is in the stage of 
red hepatization. (See Fig, 79.) Tkeae e^^ x^-^\^ tjsjl- 

TJ 
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soft and pulpy, aud a ^aTiform lit^uid. exndee from it^^l 
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snrfaoe. The most prominent feature, however, is the 
altei^tion which takes place in the colonr of the organ. 
This gradnallj changes from a dark reddish-brown to a 
grey or yellowish-white. This is owing partly to the 
pressure exercised upon the blood-vessels by the exuded 
substances and newly formed cells, and partly to the fatty 
degeneration which the latter have undergone. 

Such are the characteristic changes which occur in 
cronpous pneumonia. In those very numerous cases, 
however, in which the pneumonia is secondary to some 
othihr disease, or occurs in debilitated subjects, the changes 
in the lung may present some deviations from those 
which have been above described. In these secondary 
pneumonias the exuded substances are often less abun- 
dant and less coagulable, and consequently the weight of 
the lung is much less increased. The organ is also less 
dense and friable than when the process occurs in a healthy 
person. The existence of much oedema of the pulmonary 
tissue, such as is often present in Bright's disease, also mo- 
difies the physical conditions produced by the pneumonic 
process. Not only are these secondary pneumonias often 
characterized by the exuded liquids being less coagulable 
than are those resulting from primary inflammations, but 
the emigration of leucocytes is usually less abundant, and 
the proliferation of the alveolar endothelium appears to 
constitute a somewhat more prominent part of the process, 
so that a greater proportion of large nucleated cell-forms 
are found within the pulmonary alveoli. 

The pneumonic process may terminate in the four fol- 
lowing ways : — 

1st. In Resolution, — ^The gradual return of the lung to 
its normal condition is much the more frequent termina- 
tion of croupous pneumonia. The coagulated materials 
liquefy, the young cells entangled in them undergo com- 
plete fatty degeneration and disintegration, and thus the 

u2 
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inflammatory products become so altered that tliey can be 
removed by absorption. Granolai^ pigment is also mixed 
with tbe softened matters and appears in the expecto- 
ration. This is probably partly derived from the extras 
vasated blood, and is partly that which normally exists in 
the interlobnlar connective tissue. Where this process of 
liquefaction and disintegration is taking place in the 
lung, the granular appearance of its cut surface is com- 
pletely lost. It is of a yellowish-grey colour, and a 
tenacious puriform liqxdd can be expressed from its sub- 
stance. As the softened matters become absorbed, the 
circulation is gradually restored, and the organ ultimately 
attains its normal characters. 

2nd. In Abscess. — The formation of an abscess is a very 
rare result of simple pneumonia. It may, however, take 
place if the emigration of blood-corpuscles is very abun* 
dant and the cell-proliferation is very active. The pus is 
always mixed with broken-down pulmonary tissue. When 
pneumonic processes are induced by septic matters and 
are thus disseminated, as in pyaemia, the formation of 
abscess usually occurs. (See " Pyaemia.") 

3rd. In Gangrene. — Still more rare than the preceding 
is the occurrence of gangrene. Two conditions appear to 
be principally concerned in bringing about this result ;— 
one is the interference with the supply of blood by the 
extensive formation of coagula in the pulmonary and 
bronchial vessels, together with considerable haemorrhage 
into the pulmonary tissue ; the other* is the contact of 
putrid substances with the pneumonic tissue, — as the 
putrid secretion in a dilated bronchus. 

4th. In Chronic Pneumonia and Phthisis. — If the in- 
flammatory process does not subside and the exuded 
substances are not absorbed, the alveolar walls gradually 
become involved. These become thickened by a new 
growth of fiLbro-iiuc\ea\.^dt\«a"KXfe, and thus is produced more 
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or lees fibroid indtiration of the organ. (See '' Interstitial 
Pneomonia.") Tliis termination of cronpons pneumonia 
is comparatively rare. In very exceptional cases the 
continnance of the inflammatory process leads to the 
softening and destruction of the alveolar walls, and disin- 
tegration and excavation of the lung is the ultimate 
result. 

CATAKBHAL PNEUMONIA. 

Catarrhal, hhula/r, or feroiic^-pneumonia differs from 
the preceding, inasmuch as in it there is but little or no 
exudation of coagulable material, the process being mainly 
characterized by proliferation of the alveolar endothelium. 
It thus somewhat resembles catarrhal inflammation of 
mucous membranes — hence the term " catarrhal" which 
is applied to it. This form of pneumonia is almost 
invariably at its commencement limited to single lobules 
or to groups of lobules, and does not like the croupous 
variety involve simultaneously large tracts of pulmonary 
substance. It is consequently also known as lobular 
pneumonia. 

Catarrhal pneumonia very rarely occurs as an in- 
dependent affection, but is very constantly preceded by 
catarrhal changes in the bronchial mucous membrane. 
The catarrhal process appears very frequently to be a 
direct extension of the inflammation from the smaller 
bronchi to thie air- vesicles. In other cases it is determined 
by pxdmonary collapse. Collapse of the air-vesicles — 
whether it be due to bronchial obstruction or to di- 
minished inspiratory power — especially favours the occur- 
rence of this catarrhal change, as is evidenced by the 
frequency with which the latter is entirely limited to the 
collapsed portions of the lung. The occurrence of collapse 
is followed by congestion and oedema of the collapsed 
portions of the pulmonary tissue, and it is this local con- 
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gertion which appears to determine the catarrhal procewi 
Catarrhal pneumonia preaenta acute and chronic n- 
rieties. 

Acute OiTAJtaitiL Pnecmosia. — Acnte catarrhal pneu- 
monia ie moat common in children and yoang adnlts. In 
children it is more common than the cronpoua variety. 
It is nsnaUy preceded hy capillary hronchitia, and is an 
especially freriaent complication of meaflles and hooping- 
coogh, 

The process comprises more or leas hypersemia and 
serous esndation from the alTColar blood-vessels, together 
with enlargement and proliferation of the alveolar endo- 
thelinm. There appears bo be no exndation of co^nlahle 
material such as occurs in cronpODB inflammationiU 

Fro, 81. 
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taining one, sometimes two or throo, bright nuclei, and in 
a more adranced stage, molecular fat. As they increase 
in ntimber, they completely fill the alveolar cavity. 
(Fig. 81.) On section of the lung, the pneumonic lo- 
bules are seen scattered through its substance, as small, 
reddish grey, ill-defined nodules, with a smooth and 
slightly granular surface. The immediately surrounding 
lung tissue .is usually hyperaBmic and cedematous, and 
frequently collapsed. In a more advanced stage the 
newly formed elements undergo fatty metamorphosis, 
and the nodules change from a reddish-grey to a yellowish- 
white colour. In addition to these pneumonic nodules, 
there are frequently seen minute spots of a more decidedly 
yellow colour. These, which are very common in capil- 
lary bronchitis, are merely alveoli containing mucus 
and purulent matter which has been drawn in by the act 
of inspiration. They may exist quite independently of any 
inflammatory change, and must not be confounded with 
the pneumonic nodules. As the process continues, the 
numerous small pneumonic patches may gradually coa- 
lesce, and thus there may be formed larger tracts of 
greyish consolidation. Eesolution and the return of 
the lung to its normal condition may occur in this 
stage. Such a result, however, partly owing to the 
abundant growth of large cells, is less common than in 
croupous pneumonia. Very frequently the fatty meta- 
morphosis of the new elements is incomplete, they do not 
become absorbed, but the pneumonic masses become 
caseous, and the disease thus passes into the chronic 
stage. 

Cheonic Oatarkhal Pneumonu. — Chronic catarrhal 
pneumonia may be the result of the above-described 
acute process, or it may be from the commencement a 
chronic change. The process, like the acute, is very con- 
stantly preceded by catarrh of the bronchial mucous 
membrane, and it is characteme9Lixi"akTX^ V3 Sickfe ^^'^s.^- 
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ment and accTunnlation of large oellnlar elements witbin 
the pulmonary alveoli and terminal bronchioles. The 
pneumonic nodules, however, very rarely undergo ccMxiplete 
fatty metamorphosis and resolution, but gradually be- 
come caseous, and the resulting caseous masses become 
themselves the seat of subsequent changes, whilst at the 
same time they cause changes in the pulmonary tissne. 
As this form of pneumonia plays so prominant a part in 
pulmonary phthisis, it will be treated of in the chapter 
devoted to the consideration of this disease* (See " Pul- 
monary Phthisis.") It will be sufficient in the present 
place to state, that when a catarrhal pneumonic process 
becomes chronic, it in all cases leads to changes in the 
alveolar walls — changes which are characterized by the 
development in them of a fibro-nucleated lymphoid tissue. 

INTEBSTITIAL PNEUMONIA. 

Interstitial or chronic pneumonia is a chronic inflam- 
matory process in the lungs which leads to a fibroid 
induration of the pulmonary texture — an induration 
which is due to a thickening of the alveolar walls and of 
the interlobular tissue by a fibro-nucleated growth, and to 
the gradual obliteration by this growth of the alveolar 
cavities. It may be stated generally, that all chronic in- 
flammatory processes in the lungs are attended by more 
or less fibroid induration of the organs, and in this respect, 
therefore, these processes resemble similar ones in other 
parts — e. g., in the liver, kidney, and mucous membranes. 
In chronic phthisis, for example, as will be seen hereafber, 
a fibroid change plays a very prominent part, and in the 
most chronic cases the pulmonary tissue may be almost 
completely replaced by a dense fibroid growth. Croupous 
pneumonia, as has been already stated, may pass into a 
clzronic condition, in which case it leads to a fibroid 
thickening of the alveoVot "^«S\a% ^'sA ^iss^^^^ojoKcisie^ Sr^ 
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itiore or less indnratioii of the pulmonary texture. Catar- 
flial pneumonia, again, which has a greater tendency to 
become chronic than the exudative process, may lead to 
oonaiderable pulmonary induration: — this will also be 
alluded to when treating of pulmonary phthisis. Lastly, 
the thickening of the peri-bronchial tissue which some- 
times occurs in chronic bronchitis, may gradually extend 
and involve the alveolar walls so as ultimately to produce 
extensive obliteration of the pulmonary alveoli* In all 
these cases the fibroid change is an evidence of the 
chronicity of the inflammatory process. 

Although fibroid changes in the lungs may thus owe 
their origin to these various chronic inflammatory pro- 
cesses, it is only in those cases in which inflammation 
leads to those pulmonary lesions included under the 
common term of " phthisis," that they constitute a fre- 
quent form of pulmonary affection. Indeed, indepen- 
dently of phthisis, they are amongst the rarest forms of 
polmonary disease ; and it is to these exceptional cases 
that the application of the term " interstitial" or " chronic 
pneumonia" is commonly restricted. 

Interstitial pneumonia, in this restricted sense, is the 
disease which received from Sir D. Oorrigan the name of 
"cirrhosis." It is commonly unilateral ; and is charac- 
terized by a very extensive fibroid induration and conse- 
quent contraction of the organ, by obliteration of the 
alveolar cavities, more or less pigmentation, and usually 
by dilatation of the bronchi. The appearance presented 
by the lung in these cases is very characteristic. It is 
diminished in size ; the tissue is smooth, dense, firm, — in 
parts almost cartilaginous in consistence ; and it is irre-* 
gnlarly mottled with black pigment. The alveolar struc- 
tnre of the lung is in most parts completely destroyed, 



• See case by the Author — "Interstitial Pnemnonia^" Trans* Path* 
Boo. Land, 1872, 
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and on section the dilated bronclii are often seen as nome- 
rons large openings scattered over its snr^Euse. The 
dilated bronchi frequently become the seats of secondaiy 
inflammatory processes, which may lead to nlceration and 
ultimately to extensive excavation of the indurated tissue ; 
but there is a TX)mplete absence of any of those caseous 
changes which are so characteristic of ordinary phthisis. 
The pleura is almost invariably considerably thickened 
and adherent. 

When the lung is examined microscopically^ it will be 
found that the alveolar structure has been in most parts 
completely replaced by a fibro-nucleated or by a mote 
densely fibroid growth, presentrng the characters already 
described as those met with in cicatricial tissue. (See 
Fig. 63.) The new growth ta&j commence either in the 
alveolar walls or in the interlobular tissue. The former 
appears to be usually the case when it is secondary to an 
exudative or catarrhal pneumonic process. Where the 
change is not far advanced and the alveoli are still dis- 
tinct, their walls will be seen to be thickened by a fibro- 
nucleated growth, and their cavities sometimes to be filled 
with large epithelial-like cells, or less frequently, with 
leucocytes. (Fig. 82.) The characters of the new growth 
in the alveolar walls and in the interlobular tissue present 
certain variations. In the earlier stages of the inflamma- 
tory process it consists principally of small spheroidal 
elements which are often grouped within the meshes of 
delicately fibrillated reticulum ; but when more advanced 
the fibrillation is much more marked, and associated with 
the small spheroidal elements there are frequently some 
elongated fusiform cells such as are so often found in em- 
bryonic tissue which is in the process of forming a fibrous 
structure. 

With regard to the etiology of interstitial pneumonia- 
it probably, as already ^\.a\.^d, ^TJio^t inyariably owes its 
origin to some antecedent. Ttiot^ «La\>^fc Y^^^^^^^^ovs^r. ^^isjrws^ 
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of eitiier the ezndatire or catarrhal type, or to bronchitui. 
It is jtmintained, however, hj manj pathologists that a 
fibrcnd otuuige maj occur in the longs as a primary and 

independent affection, and that conseqnently interstitial 



A(«r»HWal i'neuTBonia. Frim a case of so-called cir 
rhoaa of tho Inng in which the diaeaBe vna unilateral 
The bronchi were mach diUted, and there was a complete 
■baenoe of any CMWOUS change. The drawing shows the 
Dew fllHD-nncleated growth, both in the alveolar walla and 
in the interiobolar tisane, alao the pigmentation. At a a 
diTided bronchna is seen, x 100.* 

pneumonia occupies the same pathologtcul position as in- 
dnrative processes in the liver and kidneys. That such a 
view is correct appears to the author to be extremely 
doiibtiiil. 



• When this specimen ia examined with a higher magni^ing 
power, a delicate reticulum can be seen between the cellular ele- 
ments, eimllar to that represented in Fig. 48, but less marked. 



CHAPTER XXXVIII. 

PULMONARY PHTHISIS. 

By pulmonary phthisis is understood a disease of the 
lungs which is characterized by progressive consolidation 
of the pulmonary texture, and by the subsequent softening 
and disintegration of the consolidated tissue. Kespecting 
the nature of the morbid processes which lead to this dis- 
integration of the lungs — ^various opinions have from time 
to time been held by pathologists, and this diversity of 
opinion exists to some extent even at the present day. 
According to the older views, which were based upon the 
teaching of Laennec, phthisis was regarded in all cases as 
a tuberculous disease, tubercle was looked upon as a spe- 
cific non-inflammatory growth which was characterized 
by the caseous degeneration which it invariably under- 
went (see " Acute Tuberculosis "), and this caseous meta- 
morphosis was held to be such a distinguishing peculiarity 
of the growth that all caseous masses came to be regarded 
as tuberculous, and phthisis, in which caseation plays 
such a prominent part, was consequently regarded as a 
tuberculous disease. The various consolidations of the 
pulmonary tissue were described as " infiltrated tubercle," 
and tubercle in some form or other was regarded as so 
essential a constituent of the disease, that " phthisis" and 
" pulmonary tuberculosis " came to be quite synonymons 
terms. 
These older vie^va Tespec\»m^ \)afeTi^\ix^ ^1 ^^JoSiKi5a&\5ssf^ 
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undergone varions modifications during recent years. 
When tlie application of the term "tnbercle" became 
limited by Yirchow and his followers to the grey grannla- 
tion, it was ' evident that such views were no longer 
tenable, and at the present time many, in accordance with 
the advocacy of the late Professor Niemeyer, regard tn- 
bercle as only an occasional element^ in the cansation of 
the disease. In considering how far tnbercle plays a part 
in the production of phthisis, it must be borne in mind 
that this growth is now known to be an inflammatory one. 
The miliary lesions which are commonly known as tu- 
bercular, are merely the anatomical results of chronic in- 
flammatory processes limited to minute circumscribed 
areas in tissues which either belong or have a close rela- 
tion to the lymphatic system ; and although they consist 
in the main of a small-ceUed lymphoid tissue, they present 
certain differences in their anatomical characters accord- 
ing to the structure of the organ in which they originate. 
(See " Acute Tuberculosis.") In the lungs it has been 
seen that they consist not only of that lymphoid tissue 
which is so characteristic of tubercular lesions, but also of 
accumulations of epithelial-like cells within the pulmonary 
alveoli; and further, that whereas this lymphoid tissue very 
frequently becomes developed into a fibrillated structure, 
the epithelial-like elements invariably undergo retro- 
gressive metamorphosis. (See " Tuberculosis of the 
Lungs.") 

The prominent place which the production of a lym- 
phoid tissue plays in these chronic inflammatory pro- 
cesses in the lungs, is probably to be explained by the 
anatomical peculiarities of the pulmonary texture. This 
lymphoid tissue is not only largely met with in the neigh- 
bourhood of the minute bronchioles, but the recent in- 
vestigations of Buhl and others, already alluded to, 
would seem to show that the alveolar walls are intimately 
connected with the lymphatic capiILa»Tv^^, ^Ti^ tWi» -yasi 
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large cells lining them correspond with the lymphatic 
endotheUum. 

The anatomical changes in the lungs which oocnr in 
pulmonary phthisis are precisely analogous to those 
which are met with in acute tuherculosis. They differ 
mainly in this respect — that whilst in the latter disease 
these changes are usually limited to minute areas (hence 
the miliary character of the lesions), in the former they 
commonly involve much wider tracts of tissue. 

In studying pulmonary phthisis, it will be advisable in 
the first place to describe the various structural changes 
which are met with in the langs, together with the more 
important alterations which they produce in the physical 
characters of the organs ; and subsequently to examine 
into the nature of the morbid processes upon which these 
changes depend, and to draw some general conclusions 
respecting the pathology of the disease. 

The structural changes met with in the lungs in phthi- 
sis are mainly of three kinds : — 1st. An accumulation of 
large epithelial-like cells within the pulmonary alveoli; 
2iid, a thickening of the alveolar walls hy a small* 
celled lymphoid tissue, together with, in most cases, the 
growth of a similar tissue around the minute bronchioles ; 
and 3rd, an increase in the interlobular connective tissue. 
These three kinds of morbid change are almost invariably 
associated with one another, although in very different 
degreeij. The preponderance of one or other of them 
produces those variations in the physical characters of 
the lungs which are met with in the different stages, and 
in the different varieties of the disease. In addition to 
these more common changes, a fibrinous exudation en« 
closing leucocytes, such as is found in croupous pneumonia, 
is sometimes met with in phthisical lungs. These several 
structural changes must now be considered separately. 

Ist. An accumulation of la/rge epithelial-liJce cells 
toithi/n, the jpul/monojr^ dlueoU \s onafe ^i \Jjift moot fre- 
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qnent changeB met -with in pbtbiatB, and this dtange is 
precisely similaT to thftt already deaoribed lui occnrriag in 
catarrhal pneumonia. The alveoli are found filled with 
Wge nucleated elements which are the offspring of the 
«ellB normally lining the alveolar walls— cells the endo- 
tfkalial nature ol which has been already alluded to. (See 
Fig. 81.) In some oases this alveolar accnmnlation may 




Section of LunB from a aaenf versJcule P, 
Bbowing tbe accumulfttioDB of large cells ^ 
the &lveuli. The alveolar walls are almost com- 
pletely free from aoy smallH^lled growCb. In 
flome parte afi'ee spacB is seen between the alveolar 
walls and their coateots : this ia Bimplj due lo 
the shriakiag of the latter caused b; the hacden- 
iog <ii the Bpecimen. k QU. (Compare with Fig. 

constitate almost the only morbid change, and although 
the alveolar walls may be found slightly thickened here 
and there by a small-colled lymphoid tissue, the great 
bulk of the pulmonary consolidation is due tti the staffing 
of the aJveoIar carities with cataTttai. ■pnA'osAa, *5^-^^ 
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In some parts — those in whicli the change w the most 
recent — ^the large cells which fill the alveoH and the 
alveolar walls will be found but Httle altered, bat in the 
greater portion of the consolidated tissue the cells will be 
seen in various stages of retrogressive metamorphosis, 
and the alveolar walls destroyed ; whilst in those tracts of 
tissue in which the process is most advanced all trace of 
structure is lost, and nothing is seen but agranular d^ris. 
These changes are precisely analogous to those met with 
in many of the larger nodular lesions of acute tuber- 
culosis, (See Figs. 57 and 58.) 

The appearances presented by the lungs in those cases 
in which the structural changes above described constitute 
almost the only cause of the consolidation, are very 
characteristic. The consolidated tissue is quite soft and 
friable, breaking down very readily under the finger, and 
there is a complete absence of any induration. The con- 
solidation, although frequently almost uniform, some- 
times presents a somewhat lobulated outline, indicating the 
implication of different groups of the pulmonary lobules. 
The colour varies from a reddish to a yellowish-grey, and 
scattered through the consolidated mass are often small 
portions of a more decidedly yellow tint. These latter 
correspond with those parts in which the retrogressive 
changes are the most advanced, and they are even softer 
in consistence than the surrounding tissue. In many 
parts the consolidated tissue will be found broken down, 
so as to form cavities of various sizes. These always 
possess irregular walls, which are quite soft and friable 
like the solid tissue which surrounds them. 

2nd. A tliickening of the alveolar walls hy a small- 
celled lymphoid tissue, together with, in most ca^es, the 
growth of a similar tissue around the terminal bronchioles, 
is very constantly associated with the former intra- 
aJveolar change. The Gkaracters of this new tissue pre- 
sent every variation fioui «* ^toVOa. <y3vsi:^<2is«^ ^s^<s^ 
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entiTelj of email ipheKiid&l elemeata reMmbliag Ijinph- 
corpnades, Bacli as ia represented in Fig. 56, a, to one in 
irhicli these elementfi an groaped within the meshex of tt 
more or less densely fibrillated network, as seen in 
Figs. 48, 56, 6, and 03, a, and these variations correspond 
with difierences in the st^e of the new growth and in the 
rapidity of its derohjpmeat. In many parts the alveokir 
cavitiea may be found completely oUiterated and replaced 




Secthn of turngfrlna a oat qf gomeiBRof Chronic 
PUftlafs. Showing the thickeniog of the alvFolar 
w&IIb by a amalt-celled lympLoid tieaiie which is 
becoming fibroid, together «ith an accuinula.tioii 
of targe cells within the alveolar cavitj- which are 
imdergoing retrogressive changes, x SOO. 

1^ this new tissne, whilst in others, where the change is 
less advanced, their walls will be seen to he more or less 
thickened by it, and their cavities to be filled with par- 
tially or completely degenerated epithelial-like elements. 
(Fig. 84.) Althongh from the fibrillation of the inter- 
nUiibr network the new growth a.ppeaiB'niiiiB.-a^ ^ikkka 
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to be undergoing a process of progressive development, 
in others it is equally evident that it is ondergoing 
retrogressive changes, and the granular d^ris into 
which it has become converted is often seen associated 
with the degenerated epithelial-like elements, the two 
together producing tracts of softened, yellowish, caseous 
material. 

Eespecting the alteration which the growth of this 
small-celled tissue produces in the physical characters of 
the lungs — it may be stated generally, that it usually 
leads to more or less induration of the pulmonary texture. 
The extent of this induration, however, will vary with 
that of the fibrillation of the new tissue. If the tissue be 
almost entirely cellular, such as is the case when it is very 
rapidly developed, it will produce but little if any indu- 
ration of the pulmonary consolidation, which, consisting 
mainly of the alveolar catarrhal products, will be soft and 
friable in consistence, much resembling that which has 
been already described. When, on the other hand, as is 
more frequently the case, there is any marked fibrillation 
of the new growth, there will be a corresponding indu- 
ration of the consolidated tissue. In many cases these 
changes produce uniform tracts of indurated consolidation 
of a greyish colour mottled witli black pigment, in which 
there may be scattered here and there yellowish patches 
corresponding with those portions which have undergone 
retrogressive fatty changes. 

8rd. The remaining structural change which is met with 
to a greater or less extent in most cases of pulmonary 
phthisis, consists in an increase in the interlobular conr 
nedive tissue. This tissue, which surrounds the bronchi 
and blood-vessels and contributes to the formation of the 
alveoli, is found not only increased in amount but also 
altered in character. It is usually richly cellular, and in 
the various stages of its growth it presents all the varia- 
tions met with in connective tissue which is the seat of a 
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cbronic inflammatory process. (See Figs. 63 and 82.) It 
frequently exhibits, in some parts, a distinctly reticulated 
structure precisely similar to that of the lymphoid growth 
in the alveolar walls (see Fig. 84), but it has a much 
greater tendency to form a dense fibroid tissue than has 
the alveolar growth. In the most chronic cases of 
phthisis this interlobular growth may constitute the pre- 
dominant structural change, and large tracts of the 
pulmonary texture may be found completely replaced by 
it. (See " Interstitial Pneumonia.") 

An increase in the interlobular connective tissue in 
phthisis — inasmuch as the new tissue has so marked a 
tendency to become dense and fibroid — leads to extensive 
induration of the pulmonary texture ; and further, owing 
to the contraction which the tissue tends to undergo, its 
growth ultimately produces a corresponding contraction 
of the diseased lung. In all those cases of phthisis in 
which there is either a thickening of the alveolar walls 
or an increase in the interlobular connective tissue, any 
cavities which may exist in the consolidated and indu- 
rated tissue are characterized by the tough and fibroid 
character of their walls, these presenting a marked con- 
trast to the soft friable tissue which surrounds the cavities 
in those cases in which the pulmonary consolidation is 
mainly due to a catarrhal intra-alveolar growth. 

4th. The presence of a fibrinous exudation and leuco- 
cytes within the pulmonary alveoli is only occasionally 
met with in phthisis. It may, however, be found in lungs 
which have previously undergone some of the structural 
changes already described. It is perhaps most common' 
as an acute affection occurring at the base of a long, the 
apex of which is already the seat of more chronic disease. 
It must also be borne in mind that an exudative inflam- 
matory precess may, in very exceptional cases, terminate 
in phthisis. (See " Croupous Pneumonia.'*) 

These various changes may involve m^Sie \.T«»R.\i^ ^'^ *^^ 

x2 
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pulmonary tissue, or they may be limited to small cir- 
cumscribed areas. Tbe causes of these differences in their 
distribution will be seen when considering the nature and 
etiology of the morbid processes to the existence of which 
they owe their origin. 

Pathologt. — Having thus briefly described the various 
structural changes met with in the lungs in phthisis^ rk 
remains to consider the nature of the morbid processeB 
upon which they depend. In the first place it is evident 
that these changes are analogous to those which have 
been seen to occur in the several forms of pulmonary in- 
flammation, especially in catarrhal and interstitial pnen^ 
monia. The accumulation of epithelial-like cells within 
the alveoH in catarrhal pneumonia, with, in the more 
chronic cases, the ultimate thickening of the alveolar 
walls; and the increase in the interlobular connective 
tissue which characterizes the interstitial process, closely 
resemble the phthisical lesions. These considerations, 
together with those derived from the study of the etiology 
of the disease, are sufficient to justify the conclusion that 
the morbid processes which lead to the consolidation 
and subsequent disintegration of the lung come within 
the category of inflammation, and that the differences in 
the anatomical changes to which they give rise are due 
to differences in the intensity, in the duration, and in the 
mode of origin of the inflammatory process. 

In considering the causes of these differences in the 
anatomical changes in the lungs, it is imjx)rtant to bear 
in mind what has been already stated respecting the 
"variations in the character of the textural alterations in 
inflammation which are produced by differences in the 
intensity and duration of the inflammatory process. (See 
" Varieties of Inflammation.") When studying the pro- 
cess of inflammation, it was seen that the less severe and 
more prolonged the process the greater was the tendency 
of the resulting textural changes to be limited to the 
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elements immediatelj adjacent to the blood-vessels and 
lymphatics, whereas in inflammations of somewhat greater 
intensity more distant elements became involved. Further, 
tiiat whereas in the former case these changes nsnallj 
resulted in the formation of a small-celled tissue which 
tended to become fibrous, in the latter, the more distant 
elements — ^being in most cases incapable of further de- 
velopment — tended to undergo retrogressive changes. In 
the lungs, the truth of these propositions was borne out 
by the differences which were seen to exist in the ana- 
tomical characters of the lesions in acute tuberculosis. 
In this infective process it appeared to be probable that 
the more severe the irritation of the infective particles 
the more liable were they to cause a proliferation of the 
large epithelial-like cells contained within the alveoli, 
which cells being apparently incapable of further de- 
velopment underwent retrogressive changes; whereas 
when the irritation was less severe, its influence tended to 
be limited to the elements in the alveolar walls and in- 
terlobtdar tissue, and the development of a small-celled 
lymphoid structure which tended to become fibroid was 
consequently the result. (See "Tuberculosis of the 
Lungs.") 

K the pathology of these inflammatory processes in 
the lungs be kept in view, the explanation of the diffe- 
rences in the anatomical characters of the lesions in pul- 
monary phthisis becomes tolerably evident. In those 
cases in which the inflanmiatory processes are of slight 
intensity and of long duration, the most marked struc- 
tural change will consist in the development of a small- 
celled growth in the alveolar walls and in the interlobular 
tissue — a growth which tends to become developed into a 
fibroid structure ; whereas in those cases in which the 
inflammation is of greater intensity a proliferation of the 
large nucleated elements contained within the alveoli will 
constitute the more prominent part of the process. 
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The intensity of the inflammatorj process not only deter- 
mines to a great extent the anatomical characters of the 
pulmonary consolidation, but also the subsequent chongeB 
which take place in the newly formed elements. Them 
changes tend towards death or progressive developmeni 
The latter, however, can only take place in the small- 
celled tissue which is produced in the alveolar walls and 
interbbular structures ; the epithelial-like elements, being 
probably incapable of further organization, quickly un- 
dergo retrogressive metamorphosis. In those cases in 
which the intensity of the process is considerable, not only 
do the epitheHal-like cells which have accumulated within 
the alveoli quickly degenerate and hreak down, but any 
small-celled tissue which may have been developed in the 
alveolar walls or around the terminal bronchioles also 
softens and dies, and thus the vitality of large tracts of 
the pulmonary consolidation may become destroyed. 

In explaining this death and disintegration of the pul- 
monary consolidation which constitutes so essential a 
feature of the disease, it must be borne in mind that 
although this may be partly due to the direct destruction 
of vitality from the intensity of the inflammation, the 
nutrition of those newly formed elements which have 
accumulated within the alveolar cavities also becomes im- 
paired owing to the interference with the circulation 
which results from the pressure which they exercise upon 
the capillaries in the alveolar walls, and from the new 
growth of tissue which takes place around these vessels. 
It is this interference with the circulation in the walls 
of the alveoli which not only aids in the destruction, but 
also prevents that absorption of the inflammatory pro- 
ducts which so often occurs in simple acute catarrhal 
pneumonia. 

In those cases of phthisis, on the other hand, in which 
the inflammatory proce^^ \% I'a^^ severe, the small-celled 
tissue developed m \5a.ft «[\N^oVax ^^^ ^x^ ^xss^ss^*^ 
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terminal bronchioles tends to become deycloped into a 
more or less completdj fibrillated stractnre, and the more 
chronic the conrse of the disease the g^reater is this ten- 
dency.. The new growth in the interlobtilar tissue, inas- 
mnch as it is nsnallj only met with in the more chronic 
forms of the disease, abnost invariably becomes indurated 
and fibrous. It is these two kinds of change in the newly 
formed elements, the one tending towards death and the 
other towards progressive development, which produce the 
caseation and softening on the one hand, and the indura- 
tion on the other, which associated in such various 
d^rees, make up the diverse physical characters of the 
phthisical Inng. 

In studying the etiology of the inflammatory processes 
which give rise to pulmonary phthisis, it becomes evident 
that three different agencies are concerned. These are, 
direct irritation, infection, ajid predisposition. 

The direct irritation of the lungs through the medium 
of the bronchi is undoubtedly the most important agent 
in the production of phthisis. The bronchial mucous 
membrane, communicating as it does with the external 
air, is especially liable to injury, and the extreme fre- 
quency with which the development of phthisis is pre- 
ceded by successive attacks of bronchial catarrh is a well- 
established clinical fact, the important bearing of which 
upon the successful treatment of the disease it would be 
difficult to over-estimate. That catarrhal processes in 
the smaller bronchi are often followed or accompanied by 
inflammatory changes in the pulmonary alveoli was seen 
when studying the pathology of catarrhal pneumonia. In 
explaining these changes, however, it must be borne in 
mind that although the thickening of the alveolar walls is 
in part the result of the primary irritation, the presence 
of the degenerated catarrhal products within the alveolar 
cavities must also produce an injurious eflect, and so may 
be an additioiial cause of the alv^cAax ^o^b. These 
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catarrlial processes in the bronchi which are snch frequent 
precursors of the pulmonary consolidation, also give rise 
to a gradual thickening of the bronchial mucous mem- 
brane, to an increase in the peribronchial connective 
tissue, and often to more or less ulceration and irregular 
contraction and dilatation of the tubes. 

Another agency in the production of phthisis is i/nfeC' 
Hon, This infection is precisely similar to that which has 
been already described as causing general tuberculosis. 
By it is understood the property possessed by certain 
chronic inflammatory products — especially by those which 
have become caseous — of inducing secondary inflamma- 
tory processes in other parts. Limited tuberculosis differs 
from the general disease only in the extent to which the 
infective materials are distributed. Whereas in the gene- 
ral affection the dissemination of the infective substances 
takes place principally by means of the blood-vessels, in 
the more limited processes the dissemination is effected 
by means of the lymphatic vessels or serous canals. In 
the lungs, limited infective processes are exceedingly 
common in phthisis, and they give rise to many of the 
miliary nodules of induration which are so frequently met 
v^rith in phthisical lungs. The source of infection in 
these cases is usually some caseous induration already 
existing in the lung, so that the infective process usually 
supervenes upon pre-existing phthisis. 

The remaining agency, which plays a very important 
part in a large proportion of the cases of phthisis, is pre* 
disposition. This predisposition appears to consist mainly 
in an abnormal susceptibility of the broncho-pulmonary 
tissues to the various kinds of injurious irritation. 

In conclusion, allusion must be made to the different 

varieties of pulmonary phthisis. Although the variations 

observed in the physical characters of phthisical lungs 

and also in the clinical history of the disease, have led to 

its flubdivision into diffeten.\i YVuSa, *-A. ^^^^^^ ta the 
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author that there are no pathological gpx>niid8 for any 
snch snbdivision. The variations in the anatomical cha- 
racters of the Innga depend principally npon variations in 
the intensity and duration of the inflammatory processes 
which give rise to the pulmonary consolidation, and also 
upon the parts which primary irritation and infection 
play respectively in the causation of the disease. 



CHAPTER XXXIX. 

CHANaES IN THE BLOOD AND CIRCULATION. 

HYPER^MLA. 

HYPBR-ffiMiA or congestion is excess of blood in tlie more 
or less dilated vessels of a part. Whatever increases the 
pressure of the blood, or diminishes the resistance of the 
vessels, may be a cause of hypersemia. Hyperaemia is 
actwe or arterial, and mechanical or venous. These two 
varieties must be considered separately. 

ACTIVE HYPERiEMIA. 

Active hypersemia is an excess of blood in the arteries 
of a part, with, in most cases, an acceleration of the flow. 

Causes. — The causes of active hypersemia may be 
divided into those which increase blood-pressure, and those 
which diminish arterial resistance. 

1. Increased Blood-pressure, — This occurs most com- 
monly from interruption of the main current of blood in 
any particular part, owing to which increased pressure is 
thrown upon the collateral vessels. These vessels thus 
become dilated, the amount of blood in them is increased, 
and the flow is accelerated. This, which is known as 
collateral hypercemia, is seen after the obstruction of the 
main current from any cause, as from the ligature of the 
vessel, or from its occlusion by a thrombus or embolus 
(see " Embolism"). 
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Greneral obstmction in the capillaries of a part wiU in 
the same way cause a compensatory hypenemia. This is 
exemplified bj tbe application of external cold causing 
contraction of the superficial capillaries and congestion 
of internal organs ; and by obstruction of the capillaries 
in one part of an organ causing hjpersBmia of the parts 
adjacent. 

2. Diminished Arterial Resistance, — This is much the 
most frequent cause of active hypersBmia. It may arise 
from— 

a. JSsUixation or pa/rahjsis of the wall of the i;e««eL— The 
relaxation of the muscular coat of an artery and the con- 
sequent dilatation of the vessel, may be owing either to 
the direct paralysis of the vaso-motor nerve supplying it, 
or to the irritation of a sensory nerve . The efiects of direct 
paralysis of the vaso-motor nerves are seen in the active 
congestion of the head and neck which follows pressure 
upon the sympathetic in the neck, as by an aneurism ; and 
in the unilateral congestion which results from experi- 
mental sections or disease of one-half of the spinal cord. 
Some emotional conditions also are attended by paralysis 
of the vascular nerves and consequently by active hyper- 
samia : this is seen in blushing. Certain substances again 
taken internally produce vaso-motor paralysis, as the 
nitrite of amyl, alcohol, tobacco, <&c. 

Eelaxation and dilatation of the arteries is also pro- 
duced by the irritation of a sensory nerve, in those parts 
in which the nerve orginates. Active hypersemia from 
this cause has already been described when speaking of 
it as the earliest change in the process of inflammation. 
The irritation received by the sensory nerves is reflected 
by the vaso-motor centre to the blood-vessels, and causes 
dilatation of the vessels and increased rapidity of flow. 
In inflammation, this irritation is so severe as to cause 
not only dilatation of the vessel, but also changes in its 
walls, which ultimately lead to the retardation of the 
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blood-flow and to exudation of liquor sangoinis and blood- 
corpuscles. K the irritation be less intense or less pro- 
longed in its action it produces simply dilatation of tlie 
vessels and increased rapidity of flow — i.e., active 
hyperaemia. This is seen in the congestion of the skin 
which results from friction, heat, and many irritating 
substances ; in the priapism that sometimes results from 
the passage of a catheter; and in many similar condi- 
tions. 

/3. Sudden removal of external pressure. — The sudden 
removal of external pressure from vessels is followed by 
their dilatation, and consequently by hyperaemia. As 
examples of hyperaemia from this cause may be mentioned 
that which results from dry cupping, and from the 
sudden removal of ascitic fluid, and of the fluid from a 
hydrocele. 

y. Atony of the walls of the vessels from mal-nutrition. — 
This is a much less important cause of hyperaemia. Fatly 
degeneration of the muscular and internal coats of the 
smaller arteries may, however, in some cases, lead to their 
dilatation, and thus be a cause of active hyperaemia. 

Results. — ^The results of active hyperaemia are princi- 
pally such as might be expected to follow from an increase 
in the amount of the arterial blood, and in the rapidity of 
its flow, in any particular organ or tissue. There is 
increased redness and pulsation, a sensation of throbbing 
being often experienced by the patient. There is also an 
increase in bulk. The temperature at the same time 
undergoes a marked elevation ; as much as 10° Fahr. has 
been observed after injuries of the spine, and experimental 
sections of the sympathetic. Serous eflfusions, haemor- 
rhage, and thrombosis — so common as results of me- 
chanical hyperaemia— are rarely met with. If the hyper- 
aemia be of long duration, the small arteries become 
permanently enlarged, and their walls thickened. Function 
may, or may not, be intexiexft^ ^\)a.. "\X» \a \a.\}cL^ TSkSfc^Qua 
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centres that fanctioiial changes are most frequently met 
with. Thej inclnde great excitability, parsBsthesio) of 
sight and hearing, convulsions, &c. 

MECHANICAL HTFEKSMIA. 

In mechanical hypersemia, the excess of blood is princi- 
pally in the veins, and the flow, instead of being accele- 
rated, is retarded. 

Causes. — The causes of mechanical hyperaemia are 
such as interfere with the return of the blood by the 
veins, either by directly impeding its exit from any vein or 
system of veins, or by diminishing the normal circulating 
forces. They are — 

1. A ddrect Irn/pediment to the Return of Blood hy 
the Veins. — This is the most fertile cause of mechanical 
]iyper8Bmia. Any obstruction to the return of blood by 
the veins is followed by distension and impeded flow 
behind the obstruction. The congestion of some of the ab- 
dominal viscera which results from the obstruction to the 
portal circulation in cirrhosis of the liver ; that of the lung 
in mitral constriction and regurgitation; that of the 
systemic circulation in insufficiency of the tricuspid valve ; 
and that of the lower extremities from the pressure of the 
gravid uterus on the iliac veins, are a few of the numerous 
familiar examples of mechanical hypersemia from this 
cause. 

2. Oravitation.^-lihis becomes an important auxiliary 
in the production of hypersemia in disease, especially 
when it is associated with diminished cardiac power. 
The eflPect of gravitation in determining congestion of the 
most dependent parts is exemplified in chronic exhaustive 
and in many of the acute febrile diseases, in which the 
nutrition generally becomes impaired, the heart's power 
weakened, and in which the patient is unable frequently 
to change his position. The integuments of the back, and 
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the posterior portions of tlie Inngs, are the parts which 
are thus most frequently affected. 

3. Increased Local Resistance. — This results from dis- 
eased conditions of the arterial walls, owing to which they 
either lose their elasticity and contractility and thus 
their power of equalizing and regulating the blood-flow, 
or become considerably enlarged. In either case the cir- 
culation will be impeded, and accumulation of blood and 
retardation of flow take place in the veins beyond. Such 
conditions arise from atheromatous, fatty, and calcareous 
changes in the arterial walls, and are most common in 
advanced life. The part they play in the production of 
senile gangrene has been abeady alluded to (see " Senile 
Gangrene"). 

4 Diminished Ca/rdiac Power.^This is one of the most 
important causes of mechanical hyperaemia, especially 
when it is associated with any of the preceding ones. The 
motor power of the heart becomes impaired in many of the 
chronic exhausting diseases, also in the acute febrile dis- 
eases, as in typhus and typhoid fever, and in all those 
conditions of degeneration and softening of its structure 
which lead to the dilatation of its cavities. In whichever 
of these ways the vis a tergo is diminished it will tend to 
produce venous hypersemia. 

Results. — Long continued mechanical hypersemia leads 
to impairment of vitality and function. The tissues 
gradually atrophy and undergo retrogressive changes, 
although from the amount of serosity and blood which 
they contain their size and absolute weight may be in- 
creased. Their temperature becomes lowered. The most 
important results, however, of this variety of hyperaemia 
are fibroid induration, transudation of serum, hcemor' 
rhage, thromhosiSf and gangrene, 

1. Fibroid Induration, — This, which is due to a gradual 
increase in the connective tissue around the blood-vessels, 
is one of the most important results of long continued 
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meclmnical hypenemia. The interstitial growth leads to 
atrophj of the other stmctnres, and thns to impairment of 
the fxinctions of the organ. In the stomach, it produces 
atrophj of the glandular structures ; in the kidney, com- 
pression of the urine-tubes ; in the liver, obstruction to 
the portal circulation ; in the heart, diminution in motor 
power. The alterations which this change produces in 
the physical characters of the organs — viz., a hardness 
and induration associated with abnormal redness or pig- 
mentation due to the excess of blood, are exceediagly 
characteristic. 

2. Trcmaudation of 8eru/m. — ^This gives rise to oedema 
and dropsical effusions. Its occurrence is greatly favoured 
by the stretching of the walls of the vessels, and by the 
damage which their structure sustains. The transuded 
serum usually differs from blood-serum in being of lower 
specific gravity, and in containing more water and less of 
the solid constituents. The greater the pressure, the 
more nearly does the transuded liquid resemble the liquor 
sanguinis, and the greater is the amount of albumen 
which it contains. If the pressure be very great it may 
yidd a fibrinous coagulum. 

3. Hoemorrhage, — This is another result of mechanical 
hypersemia. It usually occurs only when the obstruction 
to the venous current is very great. Those vessels which 
are the least supported are the first to give way. The 
hBBmorrhage into the stomach in cirrhosis of the liver, and 
into the lung in mitral disease, are familiar examples of 
hsBmorrhage from this cause. 

Not only does blood escape from the vessels by rupture 
of their walls in mechanical hypersBmia, but the red blood- 
corpuscles pass through the walls of the capillaries into 
the surrounding tissues without rupture taking place. 
This passage of the red corpuscles through the capillary 
walls, which was discovered by Cohnheim, may be ob- 
served in the web of the frog's foot after ligature of the 
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femoral vein. The corpoBolea in passing throngh tH i 
vesael become constricted in their centre, so aa t^a aasome 
an honr-glaea shape. This emigration only occurs when 
the obstmctioa is conaiderable. 

4. Thirovibotis.—'ndB, 0.3 a result of mechanical ob- 
Strnction, will be described in the following chapter, 

5. OorayreTie. — This only occurs from maohanical 
hyperainjin when the obstniction is very general aai 
complete. It has been already described under the head 
of "Gangrene." 

MEaHANlCiL HVPERSMIi OP THE LiVEtt. — Long con- 

tinned mechanical hyperemia of the liver gives rise to tii» 
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Red Atrophy, or Nutmtff lAetr. Showing the 
dcatnictioa of tlie lirtir-cdle ftDd tha pigmenta- 
Hon in tUe central portions of the acinus, toeotber 
with the nB» e™"*'' of connective tisBUe at the 
poriphory. V. Hepatio vein. P. Portal raLm.! , 
X 5U. 
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condition known as Bed Atrophy or Nutmeg Liver, Tliis 
is the condition which so frequently results from disease 
of the heart. The change is characterized by a large ac- 
cumulation of blood in the hepatic veins, by dilatation and 
thickening of these veins, by atrophy of the hepatic cells 
in the central portions of the acini, and by an increase in 
the interlobular connective tissue. The impediment to 
the return of blood by the hepatic vein leads to atrophy 
of the cells in the central portions of the acini and also 
to the formation of granular pigment, so that when 
examined microscopically, these portions of the acini are 
seen to consist of broken-down cells and granules of 
pigment. (Fig. 85.) At the peripheral parts of the 
acini the new interlobular growth is seen insinuating 
itself between the almost unaltered liver cells. 

In the earlier stages of this affection the liver is often 
considerably increased in size from the large amount of 
blood which it contains. On section, it presents a peculiar 
mottled appearance, the centre of the lobules being of a 
dark red colour, whilst the peripheral portions are of a 
yellowish-white. Ultimately the organ may undergo a 
gradual diminution in size. This is due partly to the 
atrophy of the cells in the central portions of the lobule, 
and partly to the pressure of the interlobular growth. 
The interlobular growth tends to cause obstruction to the 
portal circulation, as in cirrhosis. 

Mechanical Hyperjemia of the Ltjngs. — In the lungs 
long continued mechanical hypersBmia produces that 
peculiar induration and pigmentation of the organs which 
is known as Brown Incl/u/ration, This condition most fre- 
quently results from stenosis and insufficiency of the 
mitral orifice. The alterations produced in the pulmonary 
texture consist in the first place of elongation and dilata- 
tion of the pulmonary capillaries, so that even in un- 
injected preparations the alveolar walls appear abnormally 
tortuous. The epithelial-like cells lining the alveoli also 
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become swollen and nltimately nmltiply, and they are 

large nnmbera covenng the alveolar walls. 

(fig. 8i ) Iti some c laes they luaj even accumulatu 
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vrithin the alveolar oavitLeB. These changes are folkiwed 
by an. iacrease in the interlobnlar connective tissue, bj the 
formation of large qiiaiititiea of brownish-lilact pigment, 
and sometimes by a thickening of the alveolar walls, 

Lungs in which theae changes are at al! advanced pre- 
sent a more or loss uniform brownish-red tint, mottled 
with brown or bladdsk-colonred apecka and streaks. 
They are heavier than natnrai, somewhat less orepitaBt, 
and upon squeeaing thena the pulmonary tiasiie is found 
to be denser and thicker than that of a healthy lung. 

Post- Mortem ApPEAHiUCES of HYrE]i,EHii. — Thepoi 
mortem appearances presented by bypertemic organs ij 
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tissues vary considerably. Very frequently, parts which 
were hypersemic during life show no signs of it after 
death. If the blood does not coagulate rapidly it passes 
on into the veins, and thus the recognition of arterial 
and capillary hypersamia very often becomes impossible. 
The effect of gravitation must also be taken into account 
in estimating hypersemia. After death the blood natu- 
rally gravitates to the most dependent parts: — this is 
seen in the post-mortem congestion of the posterior por- 
tions of the lungs, and of the most dependent portions of 
the various coils of the intestine. The uniform redness 
of post-mortem staining again, must not be confounded 
with the redness of hyperasmia. In capillary and 
arterial hypersemia, the colour is red, and the injection 
often presents the appearance of a japiUiform network. 
If very intense, it may to the naked eye appear uniform, 
but a lens will always discover its capillary nature. 
When the veins are the seat of the hyperaemia the injec- 
tion is called ramiform, and the colour is dark blue. 

The anatomical peculiarities in the distribution of the 
blood-vessels will, however, materially affect the appear- 
ance of the hyperaemia. In the intestines it is often 
punctiform, being situated in the vessels of the villi ; so 
also in the kidney, when its seat is the Malpighian cor- 
puscles. A punctiform appearance may also be pro- 
duced by minute extravasations of blood. If the hy- 
peraemia is of long standing, the tissue becomes 
pigmented. This is often well seen in the stomach and 
intestines, also in the lungs. 
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CHAPTER XL. 

THROMBOSIS. 

Thrombosis is a coagulation of tlie blood within the 
vessels during life. This coagulation is owing to changes 
in the walls of the vessel itself, or to impeded blood-flow. 
The coagulum is called a thrombus. It may form in the 
heart, in the arteries, in the capillaries, or in the veins. 
It is much the most common in the last-named vessels. 

Thrombi must be distinguished from the coagula that 
form after death, and also from those formed in the last 
moments of life, which are so commonly found in the 
cardiac cavities. Post-mortem coagula are soft, and are 
often divisible into two layers, coloured and uncoloured ; 
they do not adhere to the walls of the vessel, and rarely 
completely fill its cavity. The clots formed in the heart 
just before death constitute a connecting link between 
post-mortem coagula and thrombi. They are usually 
more or less decolorized, and are firmer in consistence 
and more fibrinous than post-mortem clots. They are 
not firmly adherent to the cardiac walls, but are often 
so entangled amongst the columnse camese, chordss ten- 
dinesB, and papillary muscles, that they cannot be quite 
readily separated. They appear to be the result of the 
mechanical defibrination of the blood by the cardiac con- 
tractions just before death ; the contractions not being 
sufficiently strong to empty the cavities, some of the 
blood remains \)elM.nd, «tii^\ie«.ome^ "whipped up" and 
defibrinated. Tlieae c\o\.»^x^mo^\. ^Q>mxELQV\SL\kv^^\i.t 
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cardiac cavities, and they often extend some way into the 
pulmonary artery and aorta, from which, however, they 
can very readily be removed. They are met with most 
frequently in those cases in which death has taken place 
slowly, and in which there has been a gradual loss of 
power in the cardiac contractions. The proportion of 
fibrinogenous substance in the blood will also materially 
influence the extent of their formation. 

A thrombus, or ante-mortem clot, is firmer, dryer, and 
more fibrinous than either of the preceding, and it is 
adherent to the walls of the vessel. Its characters, how- 
ever, vary with its age, and with the circumstances under 
which it originates. When freshly-formed it is of a dark- 
red colour, and soft gelatinous consistence, closely re- 
sembling the post-mortem clot. It gradually becomes 
paler, dryer, less elastic, and more friable. If it is 
rapidly produced — as when the circulation is suddenly 
arrested in a portion of a vessel by the application of a 
ligature — the coagulum at once completely fills the-vessel, 
and as it becomes firmer it maintains a more or less 
uniform structure. Thrombi, however, which have under- 
gone a slow and gradual formation, are rarely thus 
uniform in structure, but are made up of numerous con- 
centric layers, and so present a stratified appearance. 
This is owing to the coagulation taking place gradually 
upon the inner surface of the vessel, and to the white 
corpuscles adhering to the successive layers of coagulum. 
These corpuscles, from the property which characterizes 
them of adhering to one another and to the sides of the 
vessels, and especially to any porous substances with which 
they may come in contact, cohere with the fibrinous layers 
as they are deposited ; so that ultimately the thrombus is 
made up of layers of fibrinous coagulum and white 
corpuscles more or less alternately and concentrically 
arranged. This gives to it a stratified appearance. 

The thrombus may completely or only partially fill the 
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cavity of the vessel. In most cases, however, when coagu- 
lation has commenced, it proceeds nntil the vessel is 
obstructed, and when once this has occtirred, the forma- 
tion of the thrombus continues to extend in the course of 
the vessel until it meets with a current of blood strong 
enough to arrest its progress. Its ultimate extent will 
thus mainly depend upon the vessel in which it is formed, 
upon the size and situation of the collateral branches, 
and upon the force of the circulating current. The 
direction in which the coagulation principally extends, 
whether in the arteries or veins, is consequently back- 
wards from vessels of smaller to those of larger calibre; 
the formation of the thrombus continuing untiL it meets 
with a current sufficiently strong to restore the circula- 
tion, which in many cases is as far as the entrance of 
the next large collateral vessel. The end of the thrombus 
next the heart is rounded and conical in shape. (See 
Fig. 89 c.) 

The thrombus when once formed either becomes 
organized or softens. The former is most frequent in the 
arteries, the latter in the veins and heart. 

Organization. — This consists in the gradual transfor- 
mation of the thrombus into connective tissue. A 
thrombus which is undergoing a process of organization 
gradually diminishes in size, it becomes more and more 
decolorized, firmer and more fibrous in consistence, its 
union with the wall of the vessel becomes more intimate, 
and ultimately it becomes converted into a fibro-cellular 
cord. These changes are principally owing to the white 
blood-corpuscles which it contains. 

Soon after the formation of the thrombus the number 
of white blood-corpuscles which it contains becomes 
greatly increased, whilst that of the red ones diminishes. 
In a somewhat more advanced stage the red corpuscles 
almost entirely disappear, the clot becomes firm and 
homogeneous, and in addition to the round white cor- 
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poscIcB, nnmerouB anftBtomosing spindle-shaped celk 
with oval nnclei make their appearance. (Fig. 87.) The 
int«rcellnlar material then becomeB fibrillated, the walla 
of the veesel become infiltrat«d with cells, and nnmerom 
new hlood-TesBelH are formed which intersect the thrombna 
in all directiona. These vessels commnnicate with the 
cavity of the thrombosed vessel, and with its vasa 
Taaoram. (Fig. 88.) The vascnlar fibrillated atructore 
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into which the thromhua has become organized gradnallj 
undergoes a process of atrophy and contraction, the new 
vessels disappear, and ultimately it becomes conyertcd into 
a fibro-cellular cord. In some cases it becomes calcified, 
and thus forms a phlebolith. 

Kespecting the source from which the lai^e number of 
new cells which make their appearance in the thrombus 
are derived — it appears to be moat probable that they 
originate from the white blood- corpuscles, and not from 
cells belonging to the walls of the vessel. Whether, how- 
ever, they are all of them the offspring of the corpuscles 
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which wigiaally existed in the clot, or whether 
them ma; not be derived from other soorces tind sobec- 
quently penetrate it, ia untnown. From theae corpasdeB 
the elongated connecttTe tiaaue-eeUa are prodoocd. Tim 
eiHiCt sourM from which the fibrillateil interoeUultir mat«- 
rial is derived— whether the intercellular coagalum itwlf 
HbrillateB, or whether it diflappearB and the filires are de- 
rived from the protoplasm of tie eella, is nncertain. 
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8oftenmg.—li the thrombus does not beeome 
it usually undergoes a process of softening and 
faction ;— this is most common in the veins and 
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It \b probable also that in some cases tbe thrombus may 
become absorbed. The softening most frequently com- 
mences in the centre of the clot, and gradually extends 
towards the circumference. The thrombus breaks down 
into a soft pulpy material, which sometimes has the ap- 
pearance of pounded cooked meat, and in other cases is 
distinctly puriform in character. Under the microscope 
it is seen to consist of albuminous granules, molecular fat, 
and more or less altered red and white blood-corpuscles. 
These changes in the clot are frequently owing simply to 
its disintegration, but in some cases it is probable that 
the thrombus may suppurate, and that owing to the pro- 
liferation of the white blood- corpuscles which it contains 
it becomes converted into true pus. The whole of the 
thrombus may thus become softened, or the process may 
be limited to the more central portions, whilst the external 
layers become organized. Very frequently as the older 
portions of the clot are becoming disintegrated and sof- 
tened, fresh coagulation takes place at its extremities. 

Causes.— The causes of thrombosis are of two kinds — 
those which lead to a retardation of the blood-flow, and 
those in which there is some abnormal condition of the 
walls of the vessels or of the blood. 

1. Thrombosis from Retardation of tlie Blood-flow may 
result from — 

a« Interriiption or na/rrowing of the vessel. — This occurs 
after the application of a ligature. Coagulation com- 
mences at the point of contact, and extends as far as the 
first large collateral branches, thus permanently closing 
the vessel. The pressure exercised by tumours, cicatricial 
tissue, extravasations of blood, and the closure of a vessel 
by the impaction of an embolus, may in the same way by 
impeding or arresting the circulation cause thrombosis. 
General obstruction in the capillaries of a part also causes 
coagulation in the adjacent veins. 

p. 8ohition of the contvnuity of the vessel. — The forma- 
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tion of a thrombus after the division or tearing of a vessel 
constitntes th6 means by which hsBmorrhage is imme- 
diately arrested :^there must be either thrombosis or con- 
tinuous hsBmorrhage. In the arteries, the severed end of 
the vessel contracts and retracts within its sheath, coagu- 
lation commences around it and extends upwards as far 
as the first large collateral branch. In the veins, hsemor- 
rhage is frequently arrested by the valves, and' the forma- 
tion of a thrombus will evidently depend upon the rela- 
tive situations of the valves and collateral vessels. The 
hasmorrhage from the uterus after the separation of the 
placenta is arrested either by uterine contraction or by 
thrombosis. 

y. Dilatation of the vessels, or of the heart.— The most 
familiar example of thrombosis from this cause is that 
which occurs in an aneurism. The greater the amount of 
dilatation the greater is the retardation of the blood- flow. 
The coagulation commences at the sides of the vessel, and 
may extend until it completely fills the cavity. Coagula- 
tion from the same cause is not uncommon in the dilated 
plexuses of the prostate gland. In the heart, thrombosis 
is most frequent in the auricles. It usually commences 
in the auricular appendix, where there is very little pro- 
pulsive power, and it may gradually extend into the auri- 
cular cavity. It is also met with in the ventricles, com- 
monly commencing here between the columnae carnese. 

8. Diminished cardiac power. — This is a common cause 
of thrombosis in the veins. The coagulation commences 
just behind the flaps of the valves, from which it gradually 
extends into the cavity of the vessel. This appears to be 
owing to the force of the current not being sufficiently 
strong to completely open the valves, and the blood con- 
sequently stagnates and coagulates behind them. The 
crural and iliac veins, the venous plexuses of the back, 
and the cerebral sinuses, are the situations in which 
thrombosis from this cause is most frequently met with. 
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It occurs in the course of many chronic exhausting dis- 
eases in which the cardiac power becomes diminished, and 
has long been known under the name of " phlebitis." It 
is especially frequent in phthisis, cancer, and in chronic 
diseases of the bones and joints. The state of the blood, 
which often contains an excess of fibrinogenous substance, 
together with the quiescent condition of the patient, mate- 
rially aid in causing the coagulation. 

2. Thrombosis from Almormal Conditions of the Vessels 
or of the Blood, 

a. Causes m the vessels. — Any abnormal condition of 
the walls of a vessel may be a cause of thrombosis. When 
the waU becomes abnormal it acts as a foreign body and 
the blood coagulates upon it, and it may continue to do so 
until the cavity of the vessel becomes filled with coagulum. 
Thrombi produced in this way are consequently stratified. 
The walls of a vessel may become altered as the result of 
inflammatory processes, and inflammation was formerly 
regarded as the main, if not the only, cause of thrombosis; 
hence thrombosis in veins is frequently termed "phle- 
bitis " at the present day. Inflammation of veins is cer- 
tainly rare as a primary condition, although it not un- 
frequently results from the formation of a thrombus. 
When occurring primarily, inflammatory processes, both in 
the arteries and the veins, have their seat in the external 
and middle coats or in the deeper layers of the intima. 
They never commence in the lining membrane of the 
vessel : this only becomes afiected secondarily. The vita- 
Hty of the lining membrane becomes impaired as the result 
of the inflammatory process, and when this has occurred 
it acts as a foreign body, and thus there is a tendency for 
the blood to coagulate upon its surface. In other cases 
the lining membrane is completely destroyed, and the 
subjacent diseased tissues thus come into contact with the 
circulating blood, and in the same way cause the forma- 
tion of a thrombas. Such inflammatory changes occur 
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in the arteries, constitatiiig the condition known as 
"atheroma," which, in the smaller vessels, may be a 
canse of thrombosis. In the heart thej constitute endo- 
carditis; and here also, as has been seen, coagulation may 
take place npon the abnormal surface of the inflammatory 
vegetations (see " Endocarditis"). 

The walls of a vessel may also become altered, and thus 
thrombosis result, from inflammation or gangrene of the 
tissues in which it is situated. The vitality of the vessel 
becomes destroyed and the blood coagulates within it; 
and by this means the occurrence of hsemorrhage is fre- 
quently prevented. The projection of new formations, as 
sarcoma, into the cavity of vessels, may in the same way 
cause the formation of a thrombus. 

/3. Causes in the blood. — ^The greater the proportion of 
fibrinogenous substance in the blood, the more readily 
will coagulation take place ; hence all those conditions in 
which this substance is increased favour the occurrence 
of thrombosis. An excess of fibrinogenous substance, 
however, is probably never suflicient in itself to deter- 
mine the formation of a thrombus ; it can hence only be 
regarded as a predisposing cause. It is especially in 
those conditions in which the circulation is impeded from 
diminished cardiac power, that an increased tendency of 
the blood to coagulate becomes an important agent in 
producing thrombosis. 

Results.— The results of thrombosis comprise certain 
changes in the walls of the vessels, more or less obstruc- 
tion to the circulation, and embolism. These must be 
considered separately. 

1. Changes in the vessels. — More or less alteration in 
the wall of the vessel is an invariable consequence of the 
formation of a thrombus. When the thrombus under- 
goes a process of organization, it becomes, as already 
described, intimately united with the vascular wall. The 
latter in the first place becomes infiltrated with cells and 
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considerably thickened, but ultimately, together with the 
thrombus, gradually atrophies. It is when the thrombus 
softens and becomes disintegrated that the most impor- 
tant changes take place in the vessel. These changes are 
of an acute inflammatory nature, and appear to result 
from the irritating influence of the softened thrombus. 
They are most frequently observed in the veins, where 
softening is most liable to occur. 

The walls of a vein within which a thrombus is soften- 
ing are considerably thickened, so that the vessel more 
resembles an artery. The inner surface has lost its 
translucency, and is of a dead opaque colour. The vasa 
vasorum are hyperasmic. Under the microscope, the 
cells of the intima «,nd of the middle and external coats 
are found to be considerably increased in number, and 
numerous leucocytes are seen infiltrating the different 
textures. In some cases small collections of pus are seen 
in the external coat. Similar changes are observed in 
the arteries. 

2. Obstruction to the circulation. — ^The consequences 
of the obstruction to the circulation which results from 
the formation of a thrombus will depend upon the 
rapidity of its formation, the nature and size of the vessel 
obstructed, the situation and number of the collateral 
branches, and the force of the circulating current. When 
a thrombus forms in a vein of small size and there are 
numerous collateral vessels, as in the prostatic or uterine 
plexuses, the circulation is but little interfered with and 
no symptoms of obstruction result. If, however, the 
main trunk of a large vein becomes obliterated, as that 
of the femoral or iliac veins, the obstruction is followed 
by hyperaemia, the extent and duration of which will 
depend upon the facility with which the circulation can 
be restored by the collateral vessels. Thrombosis in the 
above-named veins frequently occurs in the latter stages 
of many chronic diseases, especially in phthisis ; also in 
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the puerperal state, where it. gives rise to the condition 
known as phlegmasia dolems* The formation of a throm- 
bus here is followed by oedema and swelling of the Hmb, 
which becomes tense, elastic, and painful. In the early 
stage there may be some cyanosis, but this is usually 
quickly followed by a pallid whiteness of the surface. 
There is often more or less tenderness in the course of 
the vein, which feels enlarged, hard, and knotted, owing 
to the secondary inflammatory changes in its walls. At 
the same time there is frequently swelling and tenderness 
of the lymphatics, which may often be seen as red Hnes 
traversing the limb. DifPuse inflammation of the skin 
and subcutaneous cellular tissue may also occur. These 
changes are owing partly to the mechanical impediment 
to the circulation, and partly to the obstruction of lym- 
phatics and to the secondary inflammatory processes in 
the vein and tissues which ensue. The circulation is 
usually ultimately restored ; but if the impediment has 
been of long duration, the tissues become thickened, and 
the limb is left in a hard, indurated, and somewhat en- 
larged condition. 

The formation of a thrombus in an artery is followed 
in the first place by anaemia of the parts supplied by it ; 
the ultimate result will depend upon the facility with 
which the circulation can be restored by the collateral 
vessels. If the circulation be quickly re-established, as 
is usually the case, the vitality of the tissues may not 
become impaired; but if not, the part may undergo a 
process of molecular disintegration and softening, the 
softened tissue often being surrounded by a zone of 
hyperaemia which results from the attempt to establish a 
collateral circulation. 

3. Bmholism. — Portions of the thrombus may be car- 
ried away by the circulation, thus constituting embolism. 
This, which is the most important result of thrombosis, 
will be considered in the following chapter. 



CHAPTER XLI. 

EMBOLISM. 

Embolism is the arrest of solid substances circulatiDg in 
the blood in vessels which are too small to allow them to 
pass. The solid substances are termed emboli. These are 
very various in their nature. 

By far the most frequent source of emboli are thrombi, 
portions of which are carried from the seat of their 
formation by the circulation, and become arrested in dis- 
tant vessels — thus constituting embolism. A thrombus 
may give rise to emboH in various ways. It may soften 
and break down, and if the lumen of the vessel be thus 
restored, its fragments become distributed by the blood- 
current. In those cases in which the thrombus does not 
fill the vessel, portions of it may readily be carried away 
by the blood passing over it. Perhaps, however, the most 
frequent way in which a thrombus gives rise to embolism 
is by its conical end being broken off by the current of 
blood from a collateral vessel. The formation of a throm- 
bus, as already ^escribed, usually ceases opposite the 
entrance of a large collateral vessel, and if its conical end 
project a little way into the cavity of this vessel it may 
be readily broken off by the blood-current. (Fig. 89.) It 
is especially venous thrombi which give rise to embolism : 
the veins of the leg, the iliac, hypogastric, and jugular 
veins being amongst the most common sources. Emboli 
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from cardiac ttirombi are also exceedingly co 
whilst those from arterial ore the leaat freqneiit. 
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Emboli may, however, originate independentlj of 
thrombi : — vegetations and calcareous or atheromatous 
masses separated from the valvea of the heart, or from 
the inner surface of arteries ; portions of new growths, » 
carcinoma, which having perforated the vessels, hare teen 
carried away by the current ; parasites which have mad* 
their way into the interior of vessels ; pigment grannlMi 
and other substances, may all constitnte emboU. 

The emboh become arrested in the first vessels they 
meet with which are too small to allow them to pass : the 
size of the vessel wiU consequently depend upon the siae 
of the embolus. Thej are often so minute that they paw 
into and become impacted in the smallest capillaries. The 
seat of impaction is uanally at the bifurcation of the 
vesse^ or where, from the giving off of branches, the calibre 
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is diminisliing rapidly. (See Fig. 90.) Thus emboli 
originating in the systemic veins or in the right cardiac 
cavities, will most commonly become arrested in the vessels 
of the Inngs ; those originating in the arteries, the left 
cardiac cavities, or the pulmonary veins — in the systemic 
arteries and capillaries, especially in those of the spleen, 
kidneys, and brain ; and those originating in the portal 
venous system — in the hepatic branches of the portal 
vein. In some cases, however, the smallest emboli may 
pass through the capillaries of the lungs and become 
arrested in those of the kidneys, spleen, or other organs. 
Thus, with the exception of emboli originating in the 
portal vessels, the seat of arrest is the arteries or 
capillaries. 

The emboli are usually carried in the direction of the 
main current ; hence those carried by the aortic stream 
more commonly pass into the thoracic aorta than into the 
carotid and subclavian vessels, and into the left carotid 
and renal artery than into the corresponding arteries of 
the opposite side. Gravitation also influences the direc- 
tion in which they are carried, especially those of large 
size which move somewhat more slowly than the blood- 
stream. Owing to this, they are more common in the 
lower lobes and posterior parts of the lungs than in the 
superior and anterior portions of these organs. 

The embolus when arrested, may either completely or 
only partially fill the cavity of the vessel. If, as is fre- 
quently the case, the arrest takes place at a point of 
bifurcation, the embolus may partially fill both branches, 
allowing a small stream of blood to pass. This may 
break off portions of it, and so cause secondary emboli, 
which become impacted in more distant vessels, "the 
amount of obstruction which immediately follows the 
arrest, will partly depend upon the nature of the embolus 
itself. If the embolus be from a soft, recently-formed 
thrombus, it will adapt itself to the cavity o^ \Xvei ^^'as»^, 
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and so completely occhide it. If, on tlie otber lumd, it k 
irregular in shape and firm in consistence, as when demed 
from a calcified cardiac vegetation, it may not fill l^e 
vessel, but allow a small current of blood to pass it. 

The arrest of the embolus and the consequent obstrHO- 
tion to the circulation, is followed by the formatK>& of 
thrombi behind and in front of it^ which extend as far '^ 
the entrance of the first large collateral vessels. (Fig. 90.) 

Fig. 90. 




Embolus impacted at the Bifurcation of a Branch 
qfthe Pulm,onary Artery. Showing the formation 
of thrombi behind and in front of it, and the ex- 
tension of these as far as the entrance of the next 
collateral vessels. K Embolus, tt'. Thrombi. 
(Virchow.) 

If the embolus does not completely fill the vessel, coagultun 
is deposited in successive layers upon its surface until the 
occlusion of the vessel is complete, and then the secondary 
thrombus extends, as in the former case, until it meetB 
with a current of blood strong enough to arrest its pro- 
gress. If the embolus is a portion of a soft thrombus, it 
will in most cases be impossible to distinguish it from the 
secondary thrombus which surrounds it. If, however, it 
is a calcareous • mass, or a portion of an old thrombus, 
it may usually be distinguished from the more recent 
secondary coagulum. The changes in these secondary 
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tliTombi are sinular to those already described as occurring 
in the primary, — comprising adhesion to the wall of the 
veeseli softening, and organization. 

Results. — ^The results of embolism are of two kinds— 
those depending upon the mechanical obstruction to the 
drculationy and those produced by the irritating or 
infective properties of the emboli themselves. (See 
"Pyfflmia.") 

The first series of changes are those occurring in the 
walls of the vessel within which the embolus becomes 
arrested. If the embolus possesses no infective proper- 
ties, being derived from a source where no putrefactive 
clianges are taking place, it, together with the thrombus 
which it causes to form around and beyond it, simply 
becomes organized or reabsorbed, and the walls of the 
Vessel become more or less thickened. If, on the other 
hand, the embolus is impregnated with unhealthy pus or 
With other putrid inflammatory products, it is very liable 
to cause inflammation and sloughing of the walls of the 
Vessel within which it is impacted. 

The most important changes, however, resulting from 
embolism are those which take place in the organ or tissue, 
tJie vessels of which have become plugged by the emboli. 
The first effect of the plugging of a vessel by an embolus, 
is the arrest of the circulation through it, and if the vessel 
he the main nutrient or functional artery, this is followed 
hj the sudden cessation of the function and nutrition of 
the part. Thus, plugging of one of the larger arteries in 
^tud brain is followed by sudden loss of consciousness and 
paralysis (apoplexy) ; plugging of the pulmonary artery, 
by sudden asphyxia; and of the coronary arteries, by 
sadden paralysis of the heart. The subsequent changes 
will depend upon the structure of the organ, the arrange- 
ment of its vessels, and the facility with which a collateral 
circulation can be established. If the circulation be 
iC[uickly re-established by the collateral vessels, the part 
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recovers itself withont undergoing any strnctural change, 
and its nutrition and functions are restored. If, however, 
this is not the case, and the nutrient supply is materiallj 
interfered with, either by the obstruction of the main 
vessel, of the principal branches, or of the capillaries 
themselves, — the death ofthe part must necessarily ensne. 
The interference with the circulation is in great measure 
dependent upon the thrombosis which occurs around the 
impacted embolus. The whole of the tissue thus cat off 
may suddenly die, or, as is more commonly the case, it 
undergoes a process of gradual molecular disintegration. 
This molecular death is in most cases attended by soften- 
ing, and the softened tissues are usually surrounded by a 
zone of intense hyperaemia, which results from the stress 
which is thrown upon the collateral vessels. This zone of 
hyperaemia is very characteristic, and indicates at once 
the nature of the lesion. 

The hyperaemia of the adjacent vessels, which results 
from the obstruction of the main or of several of the 
smaller branches, very frequently leads to the extravasa- 
tion of blood. The distended capillaries give way, and 
the blood escapes and infiltrates the surrounding tissues. 
The tract of tissue within which the circulation has thus 
become arrested from the impaction of the embolus and 
the resulting thrombosis, and which is more or less ex- 
tensively infiltrated with blood, is known as a hcemoirhagic 
infarct These haemorrhagic infarcts are very frequently 
met with, especially in the lungs, spleen, and kidneys. 
They are red masses of consolidation, and owing to the 
distribution of the blood-vessels, are usually wedge- 
shaped, the apex of the cone being towards the centre of 
the organ. If the circulation be not qmckly restored, a 
process of molecular disintegration and softening com- 
mences in the central portions of the infarct. (Fig. 91.) 
The more complete the obstruction, the more vascular the 
tissue, and the bss the vessels are supported, the greater 



is ttw unonnt of infarction, and tlie i 
■oftenittg and disiotegratiou thut ensue: 




JHagramtifimKmboliclvfarel. n. ArbTy oblitemlBd 
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dlBinlegniMd. 2. Arem of eitraTasation. 3. Areit of 
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The eubseqnent chungea wtich take place in the red 
infarct depend apon its size, npon the extent to which the 
circulation in it is interfered with, and upon the nature of 
the embolua which caused the infarction. If the infarct 
is small aud the circulation still continues in. parts of it. 
and if the embolus possesses no infective properties, the 
coagulated blood may gradually become decolorized, and 
tie mass become partially absorbed or organized. The 
infarct then changes from a dart red to a brown or yellow 
tint, it becomes organized into connective tissue, and the 
whole gradually contracts, until ultimately a, cicatrix may 
be all that remains to indicate the change. If, however, 
the infarction is considerable, and the circulation is com- 
pletely arrested, a prooesa of molecular disintegi'atioi) 
and softening comnienoes in Wie ceiitta\ ■^■ttuma ci^ "O&n 
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tissue wliich may ultimately involve the whole mass, and 
the infarct then becomes converted into a pulpy granular 
material, which may subsequently dry up and become 
encapsuled. Lastly, if the embolus possesses infective 
properties, as when it is derived from a part where putre- 
fa<;tive inflammatory changes are going on, it sets up 
inflammatory processes both in the vessel within which 
it becomes impacted, and also in the surrounding throm- 
bosed tissue. In this case the infarct rapidly becomes 
disintegrated, and is converted into a purulent liquid. 
This is the embolic abscess, (See " PysBmia".) In all 
these secondary changes which take place in the infarct, 
its most external portions are surrounded by a red. zone 
of hypersemic tissue. This is exceedingly characteristic. 

EMBOLISM IN THE BRAIN. 

The impaction of emboli within the vessels of the brain 
is one of the causes of cerebral softening. The softening 
resulting from embolism is, for the most part, entirely 
dependent upon the obstruction to the circulation caused 
by the embolus and by the resulting thrombosis. It is 
rapidly induced and is usually attended by the extravasa- 
tion of blood, and it constitutes the most frequent con- 
dition known as acute red softening. If, however, tlie 
interference with the circulation is slight, there may be 
no extravasation of blood and the process of disintegra- 
tion may be more gradual, so that the softened portions 
are white in colour, and the condition then more resembles 
the chronic white softening already described as resulting 
from degeneration of the cerebral blood-vessels (see 
" Fatty Degeneration of the Brain"). The softened 
tissue wiU also be white in colour when one of the large 
vessels is obstructed, so that a large portion of one 
hemisphere loses its Vitaii^^. "Vt^. ^^s^Osi ^^^<b%, only the j 
pia mater and the moat »\x^ftT?^c:\vil\a:^'st^ ^1 *viaa ^^^^ 
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substance may be hjperaBmic. In almost all cases in 
wbicli softening of the cerebral substance results from 
embolism, the embolus is arrested in one of the vesself 
beyond the circle of Willis, because here the circulation 
cannot be readily restored by the collateral vessels. 

When the interference with the circulation is attended 
by considerable extravasation of blood, the softened 
portion, in the early stage, is either of a uniform dark red 
colour, or presents numerous red hsemorrhagic points. 
The softening is most marked in the centre, whilst the 
hyperamia and redneBs may extend for some distance 
around it, so as even to involve the membranes. Under 
the microscope, the softened portion is seen to consist 
of broken-down nerve fibres, altered blood-corpuscles, 
granules of fat, and the large granular corpuscles which 
result from the fatty degeneration of the nerve-cells and 
of the cells of the neuroglia (see Fig. 6). The surround- 
ing capillaries are dilated and filled with coagula, and the 
granular corpuscles envelope their walls. In a more 
advanced stage all trace of nerve structure is lost, the 
softened mass becomes decolorized, and passes from a dark 
red colour to a chocolate, brown, yellow, or even white. It 
may liquefy and form a cyst ; more commonly, however, 
it gradually dries up, and a process of repair takes place 
by the growth of the surrounding neuroglia, wiiich forms 
a fibrous network in the place of the softened tissue. This 
contracts, and ultimately a cicatrix with hsematoidin 
crystals may be all that remains. 



CHAPTER XLII. 

THE PREPARATION AND MOUNTING OF 

SPECIMENS. 

In this, the concluding chapter, it is proposed to describe 
very briefly the more, common methods of preparing and 
mounting specimens for microscopical examination. It 
is not intended to give an account of those various and 
complex methods of investigation which are required for 
minute histological research, but merely to describe those 
more easy ones which suffice in the great majority of cases 
for the recognition of the structural alterations met with 
in disease. In order to be as brief as possible, those 
methods only will be described which the Author believes 
to be the most readily available and at the same time to 
yield the most satisfactory results. The subject will be 
treated under the following heads : — 1 st. The Examination 
of Sfecimens whilst fresh ; 2nd. The Hardening of Sped- 
mens ; 3rd. The Making of Sections ; 4th. Staining ; 
5th. Preservation and Mounting, 

THE EXAMINATION OF SPECIMENS WHILST FKESH. 

Very much may be learnt from the examination of 
specimens in their fresh state before they have been 
submitted to any hardening process. The examination 
may be conducted either by making thin sections of the 
tissue with a Valentin's knife, or by cutting off a minute 
portion and tearing it to pieces with fine needles. The 
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specimen prepared in either of these ways should* he ex- 
amined in glycerine. Thin membranous structures may 
be examined by simply spreading them out in a drop of 
glycerine placed upon the glass slide. 

The method of making sections of organs whilst fresh 
with a Valentin's knife is an exceedingly easy and useful 
way of at once ascertaining in the post-mortem room the 
existence of the more marked structural changes. The 
knife should be well wetted with water, and then drawn 
rapidlnf through the substance of the organ. The section 
thus obtained is gently washed in water before being ex- 
amined in glycerine. A rough examination of the liver, 
kidneys, and lungs is in this way readily made. 

The muscular fibres of the heart and tumours may be 
examined by the process of teasing. This process, how- 
ever, is usually more readily effected after the specimen 
has been kept in a solution of bichromate of potash in 
the manner to be hereafter described. In the examination 
of tumours, much may be learnt by gently scraping the 
freshly cut surface with a knife and examining in glycerine 
the elements which are thus separated. 

THE HARDENI»G OF SPECIMENS. 

In order to make a complete and satisfactory examina- 
tion of diseased structures, it is in almost all cases neces- 
sary to submit them to a process of hardening. By this 
process they are so altered that fine sections of them can 
be made, and the sections are also rendered more fit for 
permanent preservation than are those obtained from 
tissues in their fresh state. Numerous substances have 
been employed as hardening agents. Those, however, 
which are the most generally valuable are chromic acul, 
hiclvromate of potash, and alcohol. 

Chromic Acid. — Of all hardening agents this is much 
the most satisfactory and the one most generally appli- 
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cable. It shotild be used in aqueons solutioii — strengtb 
one-sixth per cent. It is important to employ the solu- 
tion in large quantities — ^from six to ten fluid ounces for 
each specimen. The tissue must be cut into small 
pieces — ^not much larger than a hazel-nut — before it is 
placed in the solution. The hardening is usually com- 
pleted in from five to eight days. It is hastened by re- 
newing the solution. If kept too long in the solution 
the tissue becomes brittle. AH tissues which have been 
hardened in chromic acid should be placed in common 
alcohol for about twenty-four hoars before sections are 
made. 

Bichromate of Potash. — This agent is more gradual in 
its action than chromic acid, and produces less shrink- 
ing of the tissue. It is especially valuable for the hard- 
ening of kidney, blood-vessels, nerve-tissue, ovary, and 
some other structures. It is often advisable to commence 
the hardening with bichromate of potash and then to 
complete it in chromic acid or common alcohoL The 
bichromate is also valuable for the maceration of tissues 
which are to be examined by teasing — as tumours, muscle, 
&c. Its action tends to facilitate the isolation of the 
elements. The bichromate should be used in aqueous 
solution — strength one to two per cent. It penetrates more 
readily than the chromic acid, and consequently it is not 
necessary to use quite such small pieces of the tissue. The 
tissue must be kept in the solution from two to four 
weeks. 

Alcohol. — This is most valuable as an agent for the 
completion of the hardening of tissues which have been 
previously placed in chromic acid or in bichromate of 
potash. The tissues should be kept in it one or two 
days. Some tissues, however, appear to harden better 
if they are at once placed in alcohol : amongst these are 
the lymphatic glands, spleen, and testis. Common alcohol 
answers for all these purposes. Lastly, alcohol must be 
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employed for the hardening of all tissues which have been 
injected. For these absolute alcohol is necessary, as it is 
also for the completion of hardening of brain and spinal 
cord. 

The Softening of Tissues. — Some tissues, as osseous 
Structures, tumours which have become calcified, &c., 
i^[uire to be softened before sections can be made. This 
mfey be eflfected by placing them in the one- sixth per cent, 
chromic acid solution, to each six ounces of which three or 
more drops of concentrated hydrochloric acid have been 
added. 

THE MAKING OP SECTIONS. 

Although various instruments have been contrived for 
making sections, the one which answers best is a common 
razor, or a similar blade firmly fixed in a wooden handle. 
The usefulness of this instrument is much increased if the 
lower surface of the blade be ground perfectly flat, whilst 
the upper is made slightly concave. 

Hardened tissues from which sections are to be made 
must always have first been placed in common alcohol, in 
the manner already described. ' In making the section the 
blade of the instrument must be kept well wetted with 
common alcohol, and the section when cut must be placed 
at once in the Rame liquid. 

Imbedding, — Hardened tissues which are too small or 
too delicate to be held in the hand for the purpose of 
making sections, must be imbedded. The object of im- 
bedding is to fix the tissue in some substance which can 
not only be readily held, but which can also be easily cut 
with the section-knife. Various substances are used for 
this purpose. Of these the one which is most generally 
applicable is a mixture of wax and olive oil. Equal 
quantities of pure white wax and olive oil should be 
warmed together and well mixed, and the mas& when cold 
may be kept to be used as required. When a specimen is 
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to be imbedded, a small case of paper should be made 
somewhat larger than the specimen. The edges of the 
paper can be secured with a little mncilage or with a pin. 
The mixture of wax and oil is then melted and the paper 
case filled with it. The specimen to be imbedded — ^which 
must have been removed from common alcohol — ^is now to 
be slightly dried on blotting-paper and immersed in the 
melted compound. The process of immersion requires a 
little care. The specimen should be placed upon the 
point of a fine needle, and as soon as the wax commences 
to solidify at the sides of the case, it must be dipped 
beneath the melted liquid so as to be colnpletely covered 
by it. The needle must then be removed by giving it a 
gentle twist so as not to disturb the specimen. When 
the wax is cool the paper can be removed and the mass 
placed in common alcohol. Sections can be made from it 
when convenient. 

STAINING. 

When the section has been made and placed in common 
alcohol, in the manner described, it is usually advisable 
to stain it. The object of staining is to impart to the 
different portions of the tissue diffiBrent shades of colour, 
so that its structure can be more readily recognised. The 
substance which is the most generally applicable for this 
purpose is cai-mine. In staining with carmine two methods 
may be employed: — the one consists in using a strong 
solution, so as to stain rapidly ; the other in staining very 
gradually with a much less concentrated liquid. Of these, 
the method of gradual staining with weak solutions yields 
the most satisfactory results, inasmuch as by this means 
the diff*erentiation of the tissue is rendered more complete 
than when the coloration is rapidly induced. The pro- 
cess of rapid staining with strong carmine is, however, 
the most convenient, and it yields, in moet cases, suffi- 
ciently satisfactory results. 
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Gradual Staining with Weak Oarmine.— The following 
is the method for gradual staining recommended by Dr. 
Klein : — 

Take of— 

Powdered Carmine 2 grammes. 

Rub it up with a few drops of Distilled Water. 

Add— 

Liquor AmmonisB fort 4 cub. cent. 

Distilled Water 48 cub. cent. 

Mix together with a glass rod, and filter. 
The solution to be kept in a stoppered bottle. 

For staining, take one drop of the above solution, 
and add to it from nine to twelve drops of distilled water. 
Sections, which have been removed from common alcohol, 
to be placed in this from sixteen to twenty-four hours. 

Jttapid Staining with Strong Carmine, — To stain ra- 
pidly, the sections may be placed in the above strong 
solution of carmine without the addition of water. In 
this case the strong solution of carmine should have been 
kept exposed to the air for a sufficient length of time to 
allow the excess of -ammonia to escape. It is conse- 
quently advisable to have two bottles of strong carmine so- 
lution — one for rapid, and the other for gradual staining. 

The time required for rapid staining is from thirty 
seconds to five minutes. This, however, will vary vei-y 
considerably according to the nature of the tissue to be 
stained. A knowledge of the amount of time which yields 
the best results will be readily learnt by a little practice. 

The sections when removed from the staining solution 
must be washed for a few seconds in water containing 
one-quarter per cent, of acetic acid. 



o 



PRESERVATION AND MOUNTING. 

When the section has been stained, it is ready to be pre- 
pared for mounting permanently. The two substances in 
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which tigsueB are most commoDly moimted are gtjomnp 
and Dammar yamish. Of these^ the latter shotdd be es^ 
ployed in all cases in which the preservation of the. section 
is intended to be permanent. Many tisanes, however, yidd 
more satisfactory results when examined in glyo^^; 
bat they cannot be preserved in this liquid for any gvesit 
length of time without undergoing some alteration. 

The methods of mounting in Dammar varnish and 
glycerine must be described separately. 

Mounti/ng in Dammar Va/mish, — When the section is 
to be mounted in Dammar — ^it having been already 
stained, and washed in the one-quarter per cent, acetic 
add solution — it must first be placed in absolute alcohol 
for about a quarter of an hour. From the alcohol it 
must be transferred to oil of cloves, the superfluous 
alcohol having been first removed from the section by 
blotting-paper. In the oil of cloves it becomes, in a few 
seconds, quite transparent. The superfluous oU must 
be removed by blotting-paper, and the section is then 
ready for mounting in the Dammar varnish. If more 
convenient, it may be kept for one or two days in the oil 
of cloves before it is mounted in the Dammar. In order to 
make the specimen still more secure, a layer of the 
varnish may be placed round the edge of the covering 
glass a few days after the section has been mounted. 

The following is the method for preparing the Dammar 
varnish :— 

Take of— 
Gum Dammar in powder \ oz., and dissolve it in 

Turpentine 1\ oz. Filter, 
Gum Mastic \ oz., and dissolve it in Chloroform 

2 oz. Filter, 
Mix the two filtered solutions, and again filter. 

Mounting in Glycerine. — When the section is to he 
mounted in glycerine no further preparation is necessary. 
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lb is at imce transferred from, the one-quarter per cent, 
ao^e add solution to a drop of strong glycerine, which 
has been placed upon the slide. The edges of the 
cohering glass must then be fastened down with some 
oementing liquid. The Dammar varnish answers ex* 
oeedingly well for this purpose. 
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Abscess, 197 

„ in connective tissae, 244 

„ of bone, 247 

,, of brain, 284 

„ of kidneys, 276 

„ of liver, 271 

„ of lungs, 292 

„ of lymphatic glands, 257 
Acute miliary tuberculosis, 203 
Adenomata, 154 

of mammary gland, 155 
of mucous membranes, 155 
Adipose tissue, atrophy of, 21 
„ „ growth of, 52 

Alimentary canal, amyloid degeneration of, 72 
Amyloid degeneration, 59 

„ „ of alimentary canal, 72 

„ „ of kidneys, 68 

„ „ of liver, 65 

„ ' » . of lymphatic glands, 72 

„ „ of spleen, 70 

„ substance, nature of, 60 

„ reactions of, 60 
„ source of, 64 
Angiomata, 178 
Arteries, atheroma of, 248 

„ calcification of, 80 

„ fatty degeneration of, 37 

„ inflammation of, 248 
Atheroma, 248 
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Atrophy, 20 

,f causes of, 23 

fj numerical, 22 

„ physical characters of, 27 

„ simple, 20 

„ of adipose tissue, 21 






Blood, as cause of disease, 2 

„ alteration of, in malignant growths, 98 
„ ante-mortem coagulation of, see " Thrombosis" 
„ post-mortem coagulation of, 324 
Blood-corpuscles, as source of new formations, 102 

as source of pus, 198 
emigration of, in inflammation, 188 
„ exudation of, in mechanical hypersemia, 3 

Blood-vessels, amyloid degeneration of, 62 
„ calcification of, 80 

„ fatty degeneration of, 37 

„ inflammation of, 248 

Bone, atrophy of, 28 

„ inflammation of, 246 
Brain, abscess of, 284 
„ embolism in, 342 
„ fatty degeneration of, 39 
„ inflammation of, 284 
„ inflammatory softening of, 285 
„ softening of, from embolism, 342 
„ red softening of, 42, 342 
„ white softening of, 41 
„ yellow softening of, 42 
Brown atrophy of heart, 45 
„ induration of lungs, 321 

Cachexia, cancerous, 96 
Calcareous degeneration, 76 

„ „ of arteries, 80 

Cancer, 157 
„ blood-vessels of, 159 
„ cells of, loS 
„ clinical claaxactcta o^, \Vl 
colloid, 1^0 
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Cancer, development of, 160 

„ encephaloid, 165 

„ epithelial, 168 

„ lymphatics of, 160 

„ melanotic, 163 

„ osteoid, 163 

„ scirrhous, 163 

„ secondary changes in, 162 

„ stroma of, 159 

„ structure of, 157 

„ varieties of, 163 
Carmine for staining, 349 
Cartilage, inflammation. of, 238 
Caseation, 33 

„ of tubercle, 213 
Caseous masses, pathological significance of, 34 
Carcinomata, 157 
Catarrh, 262 

Cell, as seat of nutrition, 4 
„ definition of, 5, 6 
„ ' limiting membrane of, 6 
f, nucleus of, 7 
„ protoplasm of, 5 
Cells, constitution of, 5 

„ genesis of, 8 

„ "indifferent," 103 

„ multiplication of, 8 

„ physiology of, 7 
Cell-wall, nature of, 6 
Cerebral softenings, 39 
Cicatricial tissue, 243 
Clots, ante-mortem, 325 

„ post-mortem, 324 
Cloudy swelling, 192 
Colloid cancer, 166 

„ degeneration, 48 
Condylomata, 153, 
Congestion, see " Hypersemia** 
Connective tissue, fatty infiltration of, 52 
„ inflammation o^ 241 
„ suppuration of, 244 
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CSomea, inflammation of, 239 
(Corpora amylacea, 73 
Corpuscles, exudation, 32 
Croup, 265 
Cysts, 180 

„ classification o^ 183 

„ modes of origin o( 180 

„ secondary changes in, 182 

„ structure of, 181 

Dahmar varnish for mounting, 350 
Degeneration, 29 

amyloid, 59 

calcareous, 76 

causes of, 29 

colloid, 48 

fatty, 31 

mucoid, 47 

pigmentary, 82 
Diphtheria, 266 
Disease, definition of, 1 

Embolism, 335 

„ in brain, 342 

„ results of, 339 
Emigration of white blood-corpuscles in inflammation, 188 
Encepbaloid cancer, 165 
Enchondromata, 134 
Endocarditis, 250 

acute, 251 
chronic, 253 
Epithelioma, 168 
Exostoses, 140 
Exudation corpuscles, 32 
Exudation in inflammation, cause of, 196 

„ of liquor sanguinis in inflammation, 190 

„ in mechanical hypersemia, 319 

Fat, absorption of, 33 
„ source of, in fatty degeneration, 37 
;, „ „ infiltration, 51 
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Fatty degeneration, 31 
,, „ ' caaBes of, 35 

„ „ of arteries, 37 

„ „ of brain, 39 

„ „ of heart, 44 

„ „ of muscle, 42 

„ infiltration, 51 

of connective tissue, 52 
of heart, 54 
of liver, 55 
of muscle, 53 
Fibroid induration, as result of mechanical hjperaemia, 318 

„ „ of heart, 253 

Fibromata, 126 
Fibroplastic tumour— «ec " Sarcoma" 

GanorenEj 10 

causes of, 16 

dry, 11 

evidences of, 11 

moist, 11 

senile, 18 
Genesis of cells, 8 
Glioma, 121 
Gluge, corpuscles of, 32 
Gummata, 234 

HiEMATOIDIN, 83 

Hsemorrhagic infarct, 340 
Heart, brown atrophy of, 45 
„ fatty degeneration of, 44 
„ „ infiltration of, 54 

„ fibroid induration of, 253 
„ inflammation of, 250 
Heterology, 105 

Hodgkin's disease — see " Lymphadenoma" 
Homology, 105 
Hypersemia, 314 

active, 314 
mechanical, 317 
of liver, 320 
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Hyponemia of longs, 821 

„ poei-mmrtem appearances of, 822 
Hyperplasia, 98 
Hypertrophy, 92 

Ihfabot, 840 
Infiltrations, 80 
Infiltration, fatfy, 51 
Inflammation, 185 

„ acute, 200 

„ alterations in nutrition in, 191 

„ as cause of gangrene, 17 

„ causes of blood-stasis in, 195 

„ changes in the blood-yessels and circulation in, 186 

„ chronic, 200 

emigration of red blood-corpuscles in, 190 

of white blood-corpuscles in, 188 
exudation of Hquor sanguinis in, 190 
formation of pus in, 197 
idiopathic, 202 
infective, 202 
specific, 202 
stasis in, 188 
traumatic, 202 
varieties of, 200 
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of brain and spinal cord, 284 

of cartilage, 238 

of common connective tissue, 241 

of cornea, 239 

of heart, 250 

of kidney, 275 

of liver, 271 

of lungs, 287 

of lymphatic structures, 256 



„ of mucous membranes, 262 

„ of serous membranes, 267 

Inflammatory new formations, nature of, 95 
„ fever, 225 

,y stasis, 188 



INDEX. 361 

Interstitial hepatitis, 271 

„ nephritis, 280 

„ pneumonia, 296 
Intestine, tuherculosis of, 217 

„ typhoid ulceration of, 259 
Irritation, as cause of inflammation, 185 

„ ), new formations, 100 

„ „ tuberculous lesions, 206 

Kidney, amyloid degeneration of, 68 
„ inflammation of, 275 
„ interstitial nephritis, 280 
„ leukaemic growth in, 150 
„ suppurative nephritis, 276 
„ tubal nephritis, 276 

Labdaceous degeneration — see " Amyloid Degeneration'' 
Leukaemia, 148 

Leuksemic growths in kidney, 150 
„ „ in liver, 150 

„ „ in lymphatic glands, 150 

„ „ in spleen, 149 

Lipomata, 132 
Liver, abscess of, 271 

„ acute inflammation of, 271 

„ amyloid degeneration of, 65 

„ cirrhosis of, 271 

„ fatty infiltration of, 55 

„ leukemic growth in, 150 

„ nutmeg — see " Red Atrophy" of 

„ red atrophy of, 320 

„ syphilitic growths in, 233 
Lungs, abscess of, 292 

„ brown induration of, 821 

„ catarrhal pneumonia, 293 

„ „ acute, 294 

„ „ „ chronic, 295 

„ cirrhosisof— ^60 "Interstitial Pneumonia" 

„ croupous pneumonia, 287 

„ gangrene of, 292 
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LoDgB, inflammation of, 287 
,1 interstitial pneomonia, 296 
„ pigmentation o^ 87 
,, phthisia, 800 
„ tubercnlosis o( 218 
Ljmphadenoma, 145 

Lymphatic glands, amyloid d^^eration of, 72 
tt ,1 inflammation, of, acnte, 256 . 

„ „ „ chronic, 267 

„ lenksemic growths in, 150 
„ non-inflammatory enlargement o( 144 
„ tuberculosis of, 216 
„ • structures, inflammation of, in typhoid fever, 258 
Lymphomata, 142 

„ simple, 144 

MALiaVAVOT, 107 

cachexia as evidence of, 96 
differont degrees of, 108 
multiplicity as evidence of, 97 
recurrence after removal as- evidence of, 97 
secondary growths as evidence of, 9.7 
Mammary gland, scirrhus of, 164 
„ „ adenoma of, 155 

Melanaemia, 86 
Melanin, 85 
Melanotic cancer, 163 

,, sarcoma, 118 
Melanosis— tf^e " Melanotic Sarcoma" 
Meningitis, tubercular, 214 
Metamorphoses, 30 
Mortification, 10 
Mounting of specimens, 344 
Mucoid degeneration, 47 
Mucous toembranes, adenomata of, 165 

M }) catarrhal inflammation of, 262 

11 „ croupous inflammation of, 265 

n „ tuberculosis of, 216 

Mummification, 11 
.Muscle, fatty degeneration of, 42 
fatty infiltration of, 53 
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Myeloid tumour, 122 
Myomata, 175 
Mjxomata, 129 

Necrobiosis, 22 
Necrosis, 10, 247 
New formations, 94 

classification of, 104 

constitutional predisposing causes of, 95 

development of, 101 

direct exciting causes of, 100 



,, „ etiology of, 95 

„ „ origin of, irom emigrant cells, 102 
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relation of, to the surrounding tissues, 106 
retrogressive changes in, 107 
Nervous system, as cause of atrophy, 27 

disease, 3 
inflammation, 194 
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Neuromata, 176 
Nucleoli, 7 
Nucleus, 7 

„ function of, 7 
Nutrition, arrested, 10 

„ definition of, 1 

„ impaired, 20 

„ increased, 92 

OSTEOMATA, 139 

Osteo-chondroma, 136 
Osteophytes, 140 

Papillomata, 151 
Pia mater, tuherculosis of, 214 
Phlegmasia dolens, 334 
Phthisis, pulmonary, 300 

anatomical changes in lungs in, 302 

"colliersV*90 

etiology of, 311 

fibroid, 307 

older doctrines respecting, 300 
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Phthisis, polmouary, pathology of, 308 

t, „ tubercle in, 301 

Pigmentary degeneration, 82 
Pigmentation, false, 86 

„ of lungs, 87 

„ of sputum, 90 

Pigment, source of, 82 
Pneumonia, acute catarrhal, 294 

„ chronic catarrhal, 295 

„ croupous, 287 

„ interstitial, 296 

Post-mortem staining, 12 
Protoplasm, 5, 6 

„ coagulation of, after death, 14 

Pus, characters of, 197 
„ origin of, 198 

Pulmonary phthisis — see " Phthisis, Pulmonary" 
Pyaemia, 225 

„ bacteria in inflammatory products of, 229 

,, nature of infective substances in, 228 

„ nature of lesions in, 226 

„ pathology of metastatic abscesses in, 230 

„ relation of, to septicaemia, 227 

RiaoR mortis, 12 

„ „ nature of change in muscle in, 14 

" Sago spleen,'' 70 
Sarcomata, 113 

melanotic, 118 
myeloid, 122 
round-celled, 120 
spindle-celled, 117 
Scirrhous cancer, 163 
Senile gangrene, 18 
Septicaemia, 225 

„ relation to pyaemia, 227 

Serous efiusion, as result of inflammation, 190 

„ of mechanical hyperaemia, 319 
;, membranes, mftammaAioii of^ 267 
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Sloagb, separation of, 15 
Specimens, examination of, whilst fresh, 344 
„ hardening of, 345 
„ making sections of, 347 
„ mounting of, 349 
„ preparation and mounting of, 344 
„ softening of, 347 
„ staining of, 348 
Spinal cord, inflammation of, 284 
Spleen, amyloid degeneration of, 70 
„ leukaemic growths in, 149 
„ in typhoid fever, 258 
Staining of sections, 348 
Suppuration, 197 
Syphilis, 232 

„ fibroid changes in, 232 
gummata in, 234 
nature of lesions in, 232 
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Thrombosis, 324 

causes of, 329 
results of, 332 
Thrombus, 325 

„ organization of, 326 

„ softening of, 328 
Traumatic fever, 225 
Tumours — see " New Formations" 

„ definition of 94 
Tubercle, 203 

„ in pulmonary phthisis, 301 
ft older doctiines respecting, 203 
Tuberculosis, acute, 203 

artificial production of, 204 
giant cells in, 209 
infective nature of, 204 
limited to single organs, 214 
nature of lesions in, 208 
relation of, to lymphatic system, 207 
source of infection in, 206 
of lymphatic glands, 216 
t of lungs, 218 



V 
V 

» 
$i 
»> 
)} 
u 
it 
ti 



S66 INDEX. - 

TnbemiloBt of nmoons membranea, 216 

„ ofpia mater, 214 

Tnberoular mftnmgitia, 214 
Tfphoid fever, 258 

Ulcbbatk», tnberciilar, of Inteatine, 217 
„ typhoid, of inteBline, 259 

Wabts,153 
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